The relation of the endocrine system of alimentary motility and secretion by Kraft, Sumner Charles
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Dissertations and Theses (pre-1964)
1949
The relation of the endocrine
system of alimentary motility and
secretion
https://hdl.handle.net/2144/17389
Boston University


BOSTON UNIVERSITY
GRADUATE SCHOOL
Thesis
THE RELATION OF THE ENDOCRINE SYSTEM
TO ALIMENTARY MOTILITY AND SECRETION
by
SUMNER CHARLES KRAFT
(B.S., Tufts College, 1948)
Submitted in partial fulfillment of the
requirements for the degree of
Master of Arts
1949

1349
kr
Approved
by
ASSISTANT PROFESSOR OF BIOLOGY

TABLE OF CONTENTS
Page
I. Introduction i
II . The relation of the thyroid gland to alimentary
motility and secretion 1
1. Salivary secretion 1
2. Gastric secretion 1
3. Pancreatic secretion 8
4. Bile secretion from hepatic cells .8
5. Gastric motility 9
6. Intestinal motility 15
7. Gall bladder motility 16
III. The relation of the parathyroid glands to
alimentary motility and secretion 17
1. Salivary secretion 17
2. Gastric secretion ...17
3. Pancreatic secretion 26
4. Bile secretion from hepatic cells 27
5. Gastric motility 28
6. Intestinal motility 30
7. Gall bladder motility 32
IV. The relation of insulin to alimentary motility
and secretion 33
1. Salivary secretion 33
2. Gastric secretion 34
3. Pancreatic secretion 45
4. Bile secretion from hepatic cells 48
5. Gastric motility 49
6. Intestinal motility .56
7. Gall bladder motility 59
V. The relation of adrenal substances to alimentary
motility and secretion 61
1. Salivary secretion 61
2. Gastric secretion 64
3. Pancreatic secretion .72
4. Bile secretion from hepatic cells 78
5. Gastric motility 79
6. Intestinal motility 83
7. Gall bladder motility 93

—i
i
Page
VI. The relation of pituitary substances to
alimentary motility and secretion 98
1. Salivary secretion 98
2. Gastric secretion 100
3. Pancreatic secretion 107
4. Bile secretion from hepatic cells 109
5. Gastric motility 110
6. Intestinal motility 113
7. Gall bladder motility 127
VII . The relation of sex hormones to alimentary
motility and secretion 129
1. Salivary secretion ...129
2. Gastric secretion 130
3. Pancreatic secretion 133
4. Bile secretion from hepatic cells 133
5. Gastric motility 134
6. Intestinal motility 136
7. Gall bladder motility 136
VIII. Summary 138
IX. Abstract 147
X. Bibliography .153
..
<
.
. .
I
INTRODUCTIONI .
This work was undertaken in an attempt to determine
whether there is any evidence In the literature that a
physiological relationship exists between the anatomically
distinct endocrine glands and their related hormones and
alimentary motility and secretion. As should be indicated by
a careful study of the data reviewed herein, no such relation-
ship has yet been proven in regard to any of the glands of
internal secretion. To the contrary, several reports of
endocrine ablations serve to infer that such interractions
do not occur in the normal body*
The major portion of the data discussed in this work, is
of a pharmacological nature, involving dosages of various
endocrine gland hormones, extracts, and other substances
which have been administered to man and animals. An effort
has been made to minimize clinical discussions in most
instances
.
With little exception, there is a great deal of contra-
diction in the existing endocrine-alimentary data. An attempt
has been made to correlate similar reports whenever possible,
to present probable reasons for the prevailing confusion,
and to suggest where further research would be of value.
Only two papers have given any reference to the thymus
in respect to the gastrointestinal tract and its related
glands of external secretion. Therefore, I have not felt it
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necessary to devote a section to these results. In 1911,
Ott and Scott found that grain of "thymus extract"
augmented the frequency and extent of intestinal peristalsis.
The second reference was by G-asiunas (19?6) who noted that the
administration of 1 cc . of "thymusglandol " to a dog produced
no noteworthy effects on the secretion of gastric juice.
No alimentary data was evident involving the pineal
body
.
,' f :
’
'i : o « -
'
.
.
&.>; L’\ l.t •
'
*
:
:
' r; .-•rt;: . v
• 1 . • .
'
* 0
f
1II. THE RELATION OF THE THYROID GLAND TO ALIMENTARY
MOTILITY AND SECRETION
1 . Salivary seere 11 on
.
An extensive search of the literature has failed to reveal
any studies directly concerned with the relation of the thyroid
gland or its extracts to salivary secretions. Thus, it is
apparent that no indication is available of a thyroid involve-
ment in the normal secretory mechanism of the salivary glands.
Two early reports mentioned an increased sensitization,
after thyroidin, of the secretory nerves of this portion of the
alimentary system. Krontovsky and Maevsky (1921) noted that
the salivary response, in cats, to pilocarpine was augmented
by administration of this thyroid preparation. Poinrovsky (1924)
did a similar study in dogs and did not observe such an effect
in this animal. However, he was able to increase the sensiti-
zation of the secretory nerves to adrenaline and reflex stimu-
lation, by thyroidin injection. It is probable that species
differences were responsible for variations in these two investi*-
gations
,
as it has been mentioned by Rawlinson (1933) and
others, that the cat's salivary glands differ in certain respects
from those of other mammals.
2 • Gastric secretion.
Several different types of observations have been made in
respect to the thyroid gland and gastric secretion and acidity, but
it is not possible to correlate them and arrive at definite evidence
. r.
7 not >J i ^ : a one o ^1/9'-: ’ o zsl use v ! »}
.
.. .
• ? : •
’
' \i
'
'
Cl :; \ •*; Jff-. 'U3vq«.i
. ?
.
. t
t 15 •
.
O
-
4 c : . .i - . * v/-
,
- i
3 i?
i
”
' tZ ' I t V O *
.
— 1 —«—
—
of a normal physiological role of the thyroid as affecting
these phases of stomach activity.
2
Almost all instances of thyroid feeding resulted in decreased
gastric function, as did most cases of clinical hyperthyroidism;
however, it was shown that thyroid feeding would not produce
any of the symptons of clinical hyperthyroidism in normal
dogs, (Carlson, Rooks and McKie-1912), and furthermore, that
injection of thyroid extracts resulted in an augmented stomach
response, and thus an opposite effect from that obtained after
oral administratdoh
. In addition, studies of experimentally in-
duced and clinical hypothyroidism were contradictory.
Several authors were in accord as to the inhibitory after-
effects of thyroid feeding. Hardt (1916) fed ten grams of
Armour^ desiccated thyroid, daily, to two Pavlov-pouch dogs
for two weeks, in an attempt to produce hyperacidity and
hypersecretion of gastric Juice. In no case was such an
augmentation observed, but, on the other hand, both dogs
exhibited a depression of both the acidity and secretory volume.
He did not attempt to Investigate the mechanism involved in
this action, although he did observe that the inhibition was not
permanent and normal activity resumed after the thyroid feeding
was stopped.
Truesdell (1926) offered definite support to Hardt’s results,
as he also obtained positive indication that moderately large
doses of desiccated thyroid reduced the amount of gastric secre<
tion and its free and total acidity in dogs. In addition, he
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>suggested several means by which this was effected. These in-
cluded: (1) inhibition as a secondary result of disturbed metab-
olism and other abnormal physiological conditions which might
have produced changes in blood constituents; (2) direct de-
pression of the secretory cells by the production of some toxic
substance; (3) inhibition of the nerve impulses by affecting the
central nervous system directly or reflexly; and (4) depression
of secretion by an induced high fever.
The work of Chang and Sloan (1927) was a continuation of
the researches of the above two authors.
results by finding that a daily dose of 0.05 gm. per kilogram of
body weight of four Pavlov -pouch dogs, distincly depressed
gastric secretion, both in amount and acidity. He also stated
that the possibility of this inhibition having been due to a rise
in body temperature was not likely, as elevatifag this temperature
by external heat, although not strictly comparable, failed to
produce the same effects.
Along the same lines, Katz (1920) reported that the feeding
of thyroid extract to hypothyroid patients exhibiting hyperacid-
ity reduced the acidity of the gastric Juice in such cases. Ivy
(1930) attributed the inhibitory action of thyroid feeding on
gastric secretion to be due to the general toxic effects of the
substance •
Despite the common agreement of the above workers, Moll and
Flint (1928) concluded that thyroid feeding did not lead to de-
creased gastric secretion in all cases. They repeated some of
the earlier studies on four dogs with Janeway fistulas, made
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4fractional analyses of the juice collected over a period of
several hours, and fed thyroid extract in increasing doses
until a definite loss of body weight had been noted. In two
cases, practically complete achlorhydria was obtained; another
indicated only a very slight lowering of free acid; while the
fourth dog showed a slight rise in acidity*
Although it has usually been seen that thyroid administra-
tion per os depresses the secretory functions of the stomach,
reports concerned with the effects of thyroid dosage by other
means, are of an opposite opinion. Rogers, Rahe, Fawcett and
Hackett (1916) and Rogers, Rahe and Ablahadian (1919) sub-
cutaneously injected extracts of the non-coaguable portion of
the thyroid into Pavlov-pouch dogs, and observed a vigorous
stimulation to gastric secretion. They concluded that this
action was at least partly due to a modification of the vagal
nerve endings to the stomach, and thus a peripheral mechanism.
In humans, Boenheim (1921) and Lewlt (1925) also reported
that injection of thyroid extract resulted in an augmentation
of the gastric secretory mechanism; although Badylkes (1924)
found this to be true only of small doses, larger ones produc-
ing a decreased secretion. A rather insignificant action was
suggested in vitro by Hammett and Tokunda (1921), observing
that solutions of thyroxin in sodium hydroxide produced no
more contraction of intestinal segments than did the hydroxide
solution alone.
.
•
.
'
.
-
"by yol.1 r> 7. c:>i'DJ «
.
•
•
' ’
•
• b *>/or? c
'
•JstTf.;c 1
< !
.
o ft
: ! - S v ' . -
.
-?
.
,
-----
-
—
-
--
-
—
if
Turning to conditions of experimental hypothyroidism, as
induced by thyroid ablation, once again results are not fully
in accord. Peacock and Dragstedt (1923) found no definite
effect on gastric secretion after complete extirpation of the
thyroids, as well as the parathyroids, in four Pavlov-pouch
dogs. To the contrary, Chang and Sloan (1927) and Chang (1930)
decidedly noticed that thyroidectomy in dogs with Pavlov or
Heidenhain stomach pouches, always resulted in an increase in
the volume of gastric juice and its acidity* This effect
usually appeared on the third or fourth day and persisted for
as long as the animals lived.
A final approach to studies of thyroid-gastric secretion
relationships involves the clinical examinations of patients
suffering from thyroid disorders. I feel that this aspect
of investigation merits a partial review at this point, for if
a relationship could be shown between experimental and clinical
reports, a better understanding of thyroid action would be
achieved
.
The bulk of this literature seems to be concerned with
hyperthyroidism as evidenced by exophthalmic goiter or Grave 's
disease; while I find little reference to hypothyroid conditions,
possibly, as suggested by Lockwood (1925 )> because these pa-
tients seldom complain of abdominal disorders*
The major portion of the hyperthyroid cases, have been
reported as exhibiting decreased gastric secretory activity*
I •
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King (1919), Leist (1921) and McCaskey (1925)» all described
depressed acid secretions in their exophthalmic goiter patients*
The work of Moll and Scott (1927) involved fifty patients suffer
ing from Grave’s disease, all of whom exhibited subnormal or
absent acid secretion. These authors concluded that this con-
dition could be explained by a two-fold mechanism: (1) over-
action of the vagus fibers which caused both a rapid emptying
of the stomach and increased bile regurgitation, and consequent-
ly apparent achlorhydria; and (2) a direct inhibition of acid
by sympathetic activation.
These clinical observations were supported by the more
recent studies of Brown, Pendergrass and Burdick (194-1) and Cox
(1948). The former made investigations of twenty-four patients
with hyperthyroidism, and fourteen control individuals with no
signs or symptoms of thyroid disfunction. They noted an
Increased incidence of achlorhydria among the former group.
Cox stated that a deficiency of hydrochloric acid was evident in
approximately 33 per cent of all hyperthyroid cases, and that
often total achlorhydria existed. Furthermore, he remarked that
the mode of action of thyroxine was probably principally by
action on the sympathetic nervous system, as Moll and Scott
had suggested.
However, not all clinicians are in agreement that hyperthy-
roidism and hyposecretion go hand in hand. Neilson (1914)
observed an increased acidity in hyperthyroidism, while Boenhein
(1920) described augmented gastric secretion in cases of the
* . .
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same disease* These men were corroborated by Sajous (1924),
who also reported increased secretion and hyperchlorhydria in
exophthalmic goiter.
As for the literature on hypothyroidism, once again dis-
accord is evident. Sturgis (1922) noted achlorhydria in three
out of five cases suffering from myxedema, and Lerman and Means
(1932) reported a definite lowering of the acidity of gastric
Juice collected from similar patients. On the other hand,
Katz (1920) noted several instances of hyperacidity in hypothy-
roid patients.
The work of Lerman and Means, is of further Interest be-
cause in their studies they found, with patients suffering from
either exophthalmic goiter or myxedema, that the gastric acidity
in both hyper- and hypothyroidism was definitely depressed.
When corrected for the age distribution of a normal group, they
found that the incidence of hypochlorhydria in exophthalmic
goiter was 46 per cent; in myxedema, 75 per cent. These results
were entirely unexpected in the light of previous work and con-
sequently these authors inferred that other factors were also
concerned in the secretory alterations occurring in such
conditions •
In summary, the only conclusions that can be drawn from
these studies seem to be that: the thyroid gland is not con-
cerned with normal gastric secretion, and the alterations in
secretory activity after hyper- and hypothyroidism, whether
experimentally or clinically Induced, are probably due to
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8autonomic stimulation as well as other physiological changes
in the body.
3 • Pancreatic secretion.
There is no indication in the literature that pancreatic
functions have ever been studied after clinical or experimentally-
induced hyperthyroidism.
Pemberton and Sweet (1910) reported that, in dogs, the
removal of both the thyroid and parathyroids produced no
difference in the response of the pancreas to secretin stimula-
tion than had been observed in healthy animals. It is hardly
likely that the removal of these glands, known to have important
physiological roles in other parts of the body, would not cause
some alteration in the external pancreatic flow. A reinvestlga-
tion of this early work would therefore shed more light on a
possible thyroid-pancreas relationship.
4. Bile secretion from hepatic cells.
Only one study appears to have been made relating the thy-
roid to bile secretion; namely, that of Downs (1920) and Downs
and Eddy (1919).
These investigators intravenously injected 10 mgm. of
"the substance of the thyroid gland" per kilogram of body weight
into anaesthetized dogs, after the substance had been dissolved
in 100 cc. of saline solution, and warmed to body temperature.
Their results on nine dogs showed an inconsistent response. In
four cases, an average increase of hepatic bile secretion of
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injection; however, in five others, an average decrease of
33-85 per cent was recorded for the same period. Despite these
wide variations, the blood pressure was noted to run a similar
course in all nine tests.
In the light of their varied results, and the uncertainty
of their thyroid preparation, a repetition of this work would
be highly desirable.
*
5 . Gastric motility.
The phase of thyroid discussion dealing with gastric and
gastrointestinal motility is unique, in that nowhere else in the
endocrine-alimentary literature have I found such a aomplete
unanimity of opinion. Although there seem to be no indications
of hypothyroid studies in this respect, all workers report an
augmentation of stomach and gut movements under conditions of
hyperthyroidism, both experimentally and clinically induced.
This being the case, it is only natural that Investigators
have turned their attentions to the manner in which this action
takes place. Many theories have been expressed, some refuted
and others corroborated. Before attempting to review the
individual studies in this field, it might be well to keep in
mind a number pf the suggested modes of this thyroid action.
Augmented musculature response in hyperthyroidism has been
ascribed to: (1) toxemia; (2) increased metabolic activity; (3)
disturbance of digestive secretions; (4) vagus stimulation; (5)
sympathetic involvement; (6) vagus and sympathetic mediation
combined; (7) release of stimulating substances from the body
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cells; (8) activation by way of vascular elements; and (9)
complex interglandular relationships.
10
As early as 1916, Rogers, Rahe, Fawcett and Hackett noted
an increased gastric motility in their Pavlov-pouch dogs after
the administration of the non-coagulable portion of an aqueous
extract of the pig thyroid. They presumed this action to be
through some peripheral mechanism, either entirely nervous or
through a combination of nervous, cellular and vascular elements.
Their results were substantiated by Lorrenzi (1922) and Deutsh
(1923). The former observed that thyroid feeding increased the
rate at which the stomach empties. However, he did not concern
himself as to how this was brought about, and it is conceivable
to presume that secretory changes were primarily involved.
Deusch maintained that the stimulating action of the thyroid
hormone on the gastrointestinal tract was mediated solely by a
nervous mechanism.
The research of Perusse^ and Rozen (1929) involved a study
of the effect of feeding doses of desiccated thyroid to five
starved dogs. In all experiments they observed that only small
doses of this substance were sufficient to increase the height
of hunger contractions. Since the blood of these animals was
presumably free of nutrient constituents, they suggested two
possible reasons for the thyroid action: (l) the elaboration
of certain substances (metabolites) from the general body
cells, which pass through the blood vessels of the stomach and
alter its irritability to nerve impulses; or (2) the presence of
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preformed substances in the blood which are induced to similar
action
•
Similar experimentation was carried out by Kratinoff (1929)
also on dogs* In four of six animals studied, he noted aug-
mented hunger contractions during the period of thyroid admin-
istration, whether this was fed by means of a single large
dose, or administered daily in small amounts or whether thy-
roxine was injected. Unexplainedly
,
two dogs exhibited depress
motility. He revealed that as late as ten months after thyroid
feeding, the augmented contractions were still manifest, and
he therefore concluded that the thyroid had an effect of long
duration, although he offered no suggestions as to how this
response was brought about.
Fetter and Carlson (1932) recorded the effect of thyroid
feeding on gastric contractions of the dog's empty stomach,
and also on the movement of food through the intestine, by
means of a stomach balloon and fluoroscopic examinations.
They reported that the stomach contractions and gastrointestin-
al motility in all instances were markedly increased over the
normal after daily feeding of 0.4 gm. of desiccated thyroid per
kilogram of body weight. As had Kratinoff, they also noticed
the effect on the stomach to be of long duration. They were
at a loss to explain this, although they suggested that careful
studies of blood chemistry alterations might shed more light on
this question. Increased intestinal peristalsis was intimated
as having been due to a reduction in gastric acidity, which
allowed large particles of undigested proteins to pass into
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and stimulate the intestine
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Investigations by Fetter, Barron and Carlson (1932) led
them to conclude that the above observations were largely
,
if
not wholly, independent of the influence of thyroid substance
on the gastrointestinal vagus mechanism* To show this, they
sectioned the anterior and posterior branches of the vagus Just
below the diaphragm in four dogs, and fed the same thyroid doses
as in the previous experiment* After this administration to
these vagotomlzed dogs, acceleration of hunger contractions
and increased speed of food movement were still obvious, and
thus a possible vagal mechanism belittled.
Vagal involvement was also discredited by Morrison and
Feldman (1939) in a report as to the nature of thyroid-induced
gastrointestinal hypermotility. They found that the feeding of
0.4 gm. of desiccated thyroid per kilogram of body weight,
resulted in marked acceleration of the stomach and intestinal
activity of normal, vagotomlzed and thyroidectomized dogs.
Thus, they corroborated the results of all the workers just
mentioned for normal dogs, reinforced the view of Fetter, Barron
and Carlson that thyroid action is independent of the vagus,
and furthermore, suggested that the thyroid plays no role in
normal gastrointestinal motility, as those dogs with thyroids
extirpated showed responses no different from those of the
normal dogs. They suggested that an elevated basal metabolic
rate accounted for muscular augmentation in hyperthyroidism*
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Still another view was expressed by Fogelson (1932). He
maintained that this thyroid-alimentary augmentation was the
result of stimulation through the sympathetic nervous system
13
with a possible involvement of the adrenal glands. To test this
it would be interesting to investigate gastrointestinal phen-
omena of splanchnicotomized and adrenalectomized animals in
response to thyroid doses.
Since most of the work discussed up to this point has been
performed only on dogs, it might be suggested that species
differences existed and that thyroid administration to other
animals might elicit different effects. The results of
Wertenberger (1933) serve as disproof of such a claim.
She was interested in finding out whether the response to
excess thyroid hormone, as observed in higher animals, could be
shown in the bull-frog. Seven animals were studied by the
balloon method, before and after the administration of 0.15-
1.40 gms . of desiccated thyroid per kilogram of body weight
per day, in the form of gelatin capsules. After such doses,
she observed an increase in the height of gastric hunger
contractions and occasionally conditions of incomplete gastric
tetanus. Alterations of muscle tonus and the rate of contrac-
tions were inconsistent. From her data she felt Justified in
concluding that the gastric motor mechanism of the bull-frog
showed a response to thyroid resembling that already noted
in the dog.
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Turning to the clinical manifestations of hyperthyroidism,
complete harmony with experimental studies is evident.
Eppinger and Hess (1909) reported alimentary hypermotility in
hyperthyroid patients and attributed this condition to vagus
overactivity. Augmented gastrointestinal motor responses in
such cases were also mentioned by King (1919) and Sajous (1924).
More recently, Shlrer (1933) and Wilson (1942) also
observed accelerated peristalsis in cases of exophthalmic goiter
These augmented conditions were retarded after thyroidectomy.
In x-ray studies of twenty -four patients with hyperthyroidism.
Brown, Pendergrass and Burdick (1941) found little significant
differences in the type, frequency or depth of peristaltic
movements, when compared with a control group of fourteen indiv-
iduals with normal thyroid functions. However, the tone and
motility of the small and large intestines were found to be
raised. Once again, thyroidectomy returned these phenomena to
normal levels and thus it would appear that the effect of excess
thyroid of stimulating the gastrointestinal musculature, as
observed clinically, is temporary and not of long duration as
noted in many experimental researches.
14
In summary, it is evident that conditions of hyperthyroid-
ism have a stimulatory effect on gastrointestinal musculature.
Reports as to the duration of this augmentation are in conflict
Many suggestions have been made as to how this phenomenon is
effected, but the only one which seems to have been definitely
repudiated, is that of vagal mediation. Evidence that thyroid-
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ectomy in normal individuals has no effect on stomach and in-
testinal motor phenomena is indicative that the thyroid plays
no role in normal gastrointestinal motility.
6 . Intestinal motility.
For the most part the preceding section also directly
expresses the present knowledge on thyroid-intestine relations.
As Indicated, the above workers concomitantly studied both
gastric and intestinal functions in hyperthyroidism with similar
results in both cases.
In addition, I should like to mention two studies solely
concerned with intestinal movements in response to thyroid
extracts. The first investigated the duodenum in situ in this
respect; while the second employed exteriorized loops at eight
different intestinal levels.
Ott and Scott (1911) inserted a glass cannula with an
attached balloon through an opening in the small intestine of
an etherized rabbit, not far from the stomach; and the other
end of the cannula was attached to a recording tambour. Five
grains of "iodothyrine" were mixed with distilled water,
filtered through absorbent cotton and injected intravenously.
In twenty-five experiments, an increase in the frequency and
extent of intestinal contractions was established. Similar
results were obtained after administering 1-2 grams of powdered
thyroid.
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Glyer and Oppenheimer (1941) reported that In trained dogs
with exteriorized Intestinal loops and unaltered nerve and
blood supplies, oral administration of 0.4-0. 6 gra. of thyroid
extract per kilogram of body weight for 14-50 days, did not
increase the contraction rate except in the lowest loop,
located just above the ileocaecal sphincter.
In view of the fact that one paper reported augmented
duodenal movements and the other accelerated ileal response,
and in the light of all the reports of increased gastrointestin-
al motility in response to thyroid, it is safe to conclude that
thyroid extract has a stimulating effect on intestinal muscula-
ture, The mechanism involved is probably one or more of those
already suggest ita respect to gastric movements.
7 • Gall bladder motility.
A review of the thyroid literature has revealed no invest-
igations involving the movements of the gall bladder.
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III. THE RELATION OF THE PARATHYROID GLANDS TO ALIMENTARY
MOTILITY AND SECRETION
1. Salivary secretion.
~
,r— ' - 1 ' ——1 —
The only parathyroid reference which I have found concerned
with salivation is the study of Carlson (1912) on the condition
of the digestive tract in cats and dogs during parathyroid tetany.
He reported an augmented salivary flow following thyro-
parathyroddctomy in most cases. That this response was not
due to an over-stimulation of the cervical sympathetic nerves
was shown by the fact that in several instances, section of
these nerves at the time of parathyroid extirpation did not
alter the secretion of saliva. He made no further attempt to
investigate the mechanism involved in this phenomenon, but
suggested that the cranial secretory fibers are probably involved
and not a direct chemical action on the salivary gland cells.
In addition, although it was not brought out in his discussion,
it is possible that the thyroid deficiency played a major role
in this salivary stimulation.
2. Gastric secretion.
The available data concerning the effect of experimental
hyper-^nd hypoparathyroidism on gastric secretion is contra-
dictory •
A recent report by Schiffrin (1942) has suggested several
possible factors which might have resulted in inconsistencies.
These include: (1) differences in the type of stomach preparation
used; (2) differences in the secretory stimulus employed, i.e..
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histamine, test meals, etc.; (3) poor operative techniques in
preparing gastric pouches, etc.,* (4) insufficient qualitative
studies of the gastric secretions obtained; and (5) variations
in the methods of administering the parathyroid substances.
In addition, there might be added: (6) differences in parathy-
roid extracts administered; and (7) variations in the size of
the doses employed.
First of all, it should be mentioned that evidence has been
presented which would indicate a lack of necessity for the
presence of the parathyroids in the normal functioning of the
gastric secretory mechanism. It was found by Peacock and Drag-
stedt (1923) that complete removal of the thyroid and parathy-
roid glands did not diminish gastric secretion, either in amount
or in acid concentration, when the usual post-operative tetany
was controlled. Furthermore, these dogs continued in good nu-
trition and gained weight rapidly as long as tetany was not
allowed to appear, and thus were indicative of having normal
intestinal digestion and absorption.
On the other hand, studies involving parathyroid ablation
with no subsequent attempt to control tetany, revealed distinct
secretory abnormalities to be common. Carlson (1912) observed
a delay of meat masses in the stomachs of cats suffering from
parathyroid tetany. He felt that this was due to a deficiency
or change in the gastric juice and involved a direct
depression of the gastric glands either by toxic substances in
the blood or by the absence of normal parathyroid functioning.
The work of Peacock and Dragstedt would seem to have eliminated
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the latter as a possible factor.
Interested in the long delay of food in the stomach of
Carlson's hypoparathyroid dogs, Keeton (1914) attempted to
determine whether the cause of this delay was a change in the
secretory rate, a change in the character of the gastric juice,
or both. After parathyroidectomy he found that the volume, free
and total acidity and peptic power of the stomach secretion was
diminished, although the period of active secretion was greatly
lengthened. Injections of calcium salts improved these secretory
disturbances. After considerable deliberation he concluded that
a disturbance of the nervous phase of secretion was involved
in the stomach impairment of his cats.
Returning to the work of Peacock and Drags tedt, while they
noted no change if tetany was avoided, a distinct secretory
depression was observed when this condition was allowed to
evolve. They considered it probable that the resulting gastric
inhibition was a secondary effect of tetany poisons circulating
in the blood.
Two years later, Rasenkov and Savitch (1925) reported that
the volume and digestive power of gastric juice collected from
partially parathyroidectomized Pavlov-pouch dogs was diminished,
especially during the reflex phase of secretion. He therefore,
was in agreement with Keeton in this respect.
Two other workere, Pravdina (1927) and Lebedinskala (1927 )>
also noted a lowering of the reflex phase of gastric secretion
after partial removal of the parathyroids. However, in their
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dogs the secretory diminution was followed by a hypersecretion
attributed to an augmentation of the chemical phase. This
increased secretion was in turn brought to normal by parathy-
roid transplantation (Pravdina) or by combined treatment with
calcium chloride and sodium bicarbonate (both workers), and
in addition the reflex phase and blood calcium level were
restored.
The work of Lennox (1933) further illustrated a fall in
free and total acid and in peptic power following parathyroid
removal. Once again, administration of calcium salts restored
normality.
On the other hand, Schiffrin (1942) obtained results which
were not in agreement with the earlier workers in this field.
He investigated the gastric secretion provoked by various
stimuli in innervated and denervated gastric pouches of thyro-
parathyroidectomized dogs. His data revealed that regardless
of the type of stomach preparation employed, following the abla-
tion there was a marked increase in secretory volume and a
decrease in the pepsin concentration. Intravenous injection
of calcium lactate or subcutaneous parathormone normalized
the gastric secretory mechanism; while thyroxine had no effect,
thus disallowing a thyroid involvement.
It is difficult to explain why Schiffrin obtained an
increased secretory response in innervated stomach pouches while
previous workers had at least noticed an initial inhibition of
the reflex phase. However, his observations concerning pepsin
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were correlated, with the other experimentors . Since the pepsin
was reduced in both innervated and denervated pouches, it was
reasonable to conclude that this effect was not mediated through
any nervous mechanism. The findings of Palmer (1920) that double
vagotomy and splanchnlcotomy had no influence on the
onset and course of parathyroid tetany, together with Schiffrin's
denervated results, seem to stand in favor of a chemical rela-
tionship between the hypoparathyroid and secretory disturbances*
Although some degree of correlation can be derived from a
careful analysis of the hypoparathyroid literature, conflicting
results are more apparent in hyperparathyroid research involving
the administration of parathormone or other glandular extracts.
As they had with thyroid substance, Rogers, Rahe, Fawcett
and Hacket (1916) reported that injection of the residual portion
of an aqueous extract of the parathyroid glands actively accel-
erated the gastric secretion of Pavlov-pouch dogs. Almost twenty
five years later, Elliott (1940) obtained similar results. He
noted that injection of 50-75 units of parathyroid extract
( "Euparatone " ) into normal dogs, decidedly elevated the total
and free acidities and the peptic power of their gastric secre-
tions as long as the blood calcium level was above normal.
Observations of a different nature were revealed by Austin
(1927) and Austin and Matthews (1927) after the subcutaneous
injection of parathormone into Pavlov-pouch dogs. These invest-
igators found that there was no change in the volume of gastric
Juice secreted in response to histamine if the balance of water
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in the body was favorably maintained* This was true even if the
parathormone administration was sufficient to raise the blood
calcium to a level of 18-19 mgm. per cent* As had Elliot, how-
ever, they obtained increased acid values* When the parathor-
mone action was sufficient or prolonged, and the water balance
became upset, the volume of gastric response of the dogs to
histamine was diminished*
This inhibitory action was reported by Babkin (1940) in
certain cases. However, he emphasized that it was not a uniform
phenomenon and that it was necessary to discriminate between
the immediate and late effects of the hormone. After milk and
bread, the nervous phase of chemical secretion was much more
depressed than the chemical phase; while experiments involving
the gastric secretion evoked by meat feeding revealed that the
reflex phase was also inhibited, but that the chemical phase
was augmented and thus he often recorded ultimate hypersecretion
after such meals* He could offer no definite explanation for th<
increased secretory activity during the second phase*
Babkin made a careful analysis of the inhibitory effect
of the parathormone and concluded that the excess of calcium
in the blood was a very important factor in the depleted stomach
secretion. That the blood calcium level was not the sole factor
in this relationship was indicated by the fact that the de-
pression of gastric Juice persisted for some time after the
calcium in the blood had returned to normal* In addition it had
been shown by Cowgill and Rakieten (1930) that intravenous
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injections of calcium lactate did not produce changes in gastric
secretion which were not within normal physiological limits*
As a further factor in the secretory changes during hyper-
or hypocalcemia, he suggested the possibility that there may
have been alterations in the transmission of nerve impulses
to the stomach glands. There were two facts at hand which led
him to this belief: (1) the knowledge that the vagal fibers
never join the secretory cells directly but are connected
with the ganglionic cells of the gastric nerve plexus; and
(2) the Information revealed by Harvey and Macintosh (1940)
and others, that calcium cations were necessary for the
transmission of impulses through ganglionic synapses.
The uncertainty of the knowledge of the parathyrold-
calcium-storaach relationships led Babkin, Komarov and Komarov
(1940) to reinvestigate this problem. Intramuscular injection
of 50 clinical units of parathormone into an esophagotomized
dog with a gastric fistula produced a reduction in the scretory
volume in response to sham-feeding, a marked diminution of the
pepsin concentration and output, and a slightly lowered output
of free and total acids • On the other hand
,
the response to an
injection of 1 mg. of histamine, under the same conditions was
not affected.
From this data, they obviously concluded that the nervous
phase of gastric secretion was primarily involved and that the
parathormone does not act directly on the secretory cells like
histamine, but through the parasympathetic nervous system,
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either peripherally or centrally. As had Babkin (1940), these
workers also stressed the importance of the raised blood calcium
concentration in the inhibitory influence of parathormone*
In an attempt to explain why earlier workers as Keeton
had obtained a similar diminution of gastric secretion under the
conditions of hypoparathyroidism and hypocalcemia, they
suggested two possibilities: (1) after the removal of the para-
thyroids, the calcium had not been excreted from the body but
etalned in the body by the organs; and (2) the regular activity
|
of the vagal secretory fibers depends on a proper balance of the
different ions in the blood and tissues. The latter view was
also intimated by Thomas (1942) who felt that for optimal gastric
functioning, a normal blood calcium was necessary.
The work of Schlffrin (1942) was an attempt to shed more
light on these problems. As stated at the opening of this
discussion he felt that there were several reasons for previous
inconsistencies, among which was the fact that possibly when
Pavlov pouches had been employed, innervation was not maintained.
Therefore, he studied the effect of parathormone injection on
dogs with Pavlov pouches, with esophagotomy and a gastric fistu-.
la, and with Heidenhain pouches.
In the first group, the volume and acidity of the gastric
Juice in response to various test meals and histamine were
decreased and the pepsin concentration raised. The second,
the same as used by Babkin et al, showed a decreased secretory
volume and again an augmented pepsin production. The latter
opposite
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was opposed to the findings of Babkin and his associates, and
Schiffrin suggested different methods of administration, as a
possible explanation for this. In the denervated Heidenhain-
pouch dogs, the volume and free and total acidity were raised
and no change in pepsin values occurred.
His results indicated the great differences between the
responses of different types of gastric pouches under hyper-
calcemic conditions. Whereas innervated pouches showed hypo-
secretion in response to the rise in blood calcium; the de-
nervated stomach preparations were indicative of hypersecretion
under the same condition. Thus it may be very probable that
some of the earlier confusion in this field was due to improper
operative techniques with alterations of the gastric nerve supp y
In summary, the following conclusions can be derived from
the parathyroid-gastric secretion literature: (1) evidence ex-
ists that the parathyroids play no role in the normal function-
ing of the gastric secretory mechanism; (2) alterations in blooc
calcium level are important in the secretory changes of hyper-
and hypoparathyroidism; (3) other factors may also be involved
as failure of the transmission of vagal impulses through gang-
lionic synapses; (4) one of the prime reasons for conflicting
results in the literature seems to be a difference in the condi-
tion of the nerve fibers in the stomach preparations utilized.
Schiffrin (1942) showed that innervated pouches responded to
hypercalcemia with hyposecretion and denervated ones, with
hypersecretion; and (5) the fact that cases of
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hypoparathyroidism have been known to exhibit hyposecretion
may be due to the failure of the calcium to be excreted from
the body
.
3 . Pancreatic secretion*
As evidence for the fact that the parathyroids are of no
concern in the normal secretory function of the pancreas, the
work of Pemberton and Sweet (1910) might again be cited. These
investigators revealed that after thyroparathyroidectomy , the
response of the pancreas to stimulation by secretin was as in
normal dogs.
On the other hand, the research of Stoland (1914) was in
direct contradiction to the results of the above workers.
However, he employed much greater precaution in his methods of
study and presented much more detailed data and, therefore,
his results would seem to be the more reliable.
He transplanted pieces of intestine containing the papilla
of the duct of Santorini into the abdominal wall and, as soon
as the wound was healed, he collected the pancreatic juice by
means of a wick extending from the papilla into a funnel fitted
on the abdomen. His data indicated a marked fall in the
secretion of pancreatic Juice during parathyroid tetany, al-
though there were no changes in the proteolytic action of the
juice, its diastatic action, its alkalinity, or its solid
content.
That these results were not due to the failure of the
."!
.
_
_
1
«
'
« 1 urtla belBevei a'loJasUaavni
.
:
. f \
.
l ' .. J. Ti do! ,T bo’pijrj art t ia\
t • ii- • . rf.' . - 4
• Ojttf i iioi ©"!' tO j ffa
*<*:>' airload i Jo ioalq fyajptlqa: -jJ • H
C0-! . 0 0." ,£;< [f • U' W 9 (vJ 31
. d ' ;
~
• 3 iTOJ . ;00
ft
27
animals to eat was indicated by the fact that during parathy-
roid tetany the pancreatic secretion was less than that of the
normal dog before or after feeding. Stoland's suggestion of
a possible mechanism for this diminution was that an irritation
of the nerve endings in the digestive tract had been caused
by the undigested food observed in the stomach upon autopsy.
These food remnants were manifest even if the dogs had not
eaten for several days prior to death.
The conflicting nature of these two reports makes the
formation of a definite conclusion on this subject difficult,
although the results of the latter are probably more valid.
However, further investigation is desirable to effect clari-
fication in this matter.
4. Bile secretion from hepatic cells.
Stoland (1914) extended his work to a study of the influ-
ence of parathyroid tetany on the liver.
Once again he exteriorized a flap of the intestine, this
time that containing the papilla of the bile duct, and bile was
collected by a similar funnel made to fit the abdomen. He
observed a marked decrease in the secretion of bile, and in the
total bile acids after parathyroidedtomy in all but one dog.
During the same period, however, he noticed no such depression
ih the other functions of the liver.
No attempt was made to investigate further as to the
cause of this inhibition, and thus he was unable to state
positively whether the absence of the parathyroid secretion
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or the condition of the digestive tract had been chiefly
responsible. From the fact that other aspects of liver activ-
ity had been unaffected, he reasoned that a specific relation
of the parathyroid hormone to liver activity was improbable.
5 • Gastric motility.
In comparison with other phases of the endocrine-stomach
literature, relatively little investigation has been performed
involving the parathyroids and gastric motility.
Carlson and Jacobson (1911 ), Carlson (1912) and Carlson
(191$) reported that in dogs suffering from parathyroid tetany,
there was a marked appearance of gastro-intestinal disorders.
Including depression of the hunger contractions and muscle tone
of the stomach. However, that this is not a universal phen-
omenon was shown by Carlson (1912) in cats. He found that in
these animals, even the severest stages of tetany usually left
the neuro-muscular mechanism of the alimentary tract in normal
working order, and with no apparent depression of any type.
Thus, they concluded that removal of the parathyroids usually
elicits greater disturbance of the digestive tract in dogs
than in cats.
Dragstedt (1927) stated that this gastrointestinal dis-
turbance was due to the depleted calcium and other factors of
the tetany syndrome, and not the effect of a depleted amount
of parathyroid hormone liberated in the blood. That this was
a reasonable suggestion was intimated by the results of Tsai
(1930) who recorded no diminution of stomach motility on
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parathyroid ablation, but a decrease in gastric tone as tetany
symptons became evident.
Studies of stomach movements, as influenced by conditions
of hyperparathyroidism are likewise few in number. Dickson
and Wilson (1928) noted by means of fluoroscopic observations
results had possibly been due to insufficient dosage.
The results of Tsai (1930) do not appear too different
from the previous observations. In twenty out of twenty-one
dogs, after parathormone injection, he obtained data by the
balloon method which indicated that no change had occurred
other than a parital inhibition of gastric tonus. He was of
the opinion that this decrease in muscle tone was not the result
of a depleted supply of parathyroid hormone, but probably due to
some other substance released in the blood stream, as injection
of both muscle and liver extracts had produced similar effects.
Putting the view of an inhibitory action to additional
test, Rose, Stucky and Cowgill (1930) , in two studies of twelve
houts each, had been unable to elicit a gastric response to
either subcutaneous administration of parathormone, or to
injection of this substance directly into the heart chambers of
normal dogs. They therefore performed a further experiment of
twice the previous duration. This new data revealed that
twelve hours after the subcutaneous injection of 8 units of
on four healthy young men, that subcutaneous injection of
100 units of parathormone had little or no effect on the
motility of the stomach. He suggested that his indifferent
kilogram of body weight, there was a marked
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increase in the blood calcium level and a subsequent decrease
in gastric motility.
They offered one possible suggestion as to the mode of
action involved in these results; namely, that the excessive
doses of parathormone had caused a preliminary blood dilution
followed by an increase in viscosity and total solid content.
Since Rose and Stucky (1928) had previously shown that even a
mild increase in blood concentration produced a definite inhi-
bition of gastric motor activity, they concluded that the
phenomena observed in their final experiment may have been
partly due to an elevated blood concentration.
Thus, although the literature is obviously less complete,
it appears that a similar situation exists in respect to gastric
motility during hyper- and hypoparathyroidism as was brought
out in the discussion of stomach secretion. Both parathyroid
conditions are indicative of a diminished gastric activity, and
the level of serum calcium has been shown to be of considerable
importance in this relationship.
6 . Intestinal motility.
The preceding conclusions do not hold true for parathy-
roid-intestinal movement observations, although with further
experimentation similarities may become more apparent.
In 1928, Businco radiologically recorded rigid contrac-
tions in all sections of the alimentary tract following para-
thyroidectomy. He felt that changes in the permeability of
the intestinal mucosa during the parathyroid tetany were
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involved in this stimulatory response.
The remaining literature is involved with experimentally
induced hyperparathyroid conditions. Mahler and Bentel (1931)
reported inconclusive data on human beings, although in certain
instances the injection of parathyroid extract produced a
deepening of intestinal peristalsis. Sheldon, Kern and
Hakansson ( 1932 ) studied the colonic effect of parathyroid ex-
tract in three individuals afflicted with Hirschspring 's disease
and thus exhibiting a spontaneous dilation of the colon. Their
data, revealing a marked decrease in the size of the colon and
a more frequent and complete evacuation of its contents after
extract injection, were indicative of an augmented activity of
the intestinal musculature.
The results of Wolff (1939) stated that after the sub-
cutaneous administration of parathyroid extract a maximal rise
in the blood calcium level was attained in approximately
eighteen hours, and that in three out of six experiments
performed on three Vella fistula dogs, a small increase in
tone occurred concomitantly with the calcium elevation. In the
remaining three tests there were no significant alterations
in colonic function evident. From these data the author
concluded that a state of hypercalcemia would not necessarily
produce an augmented intestinal response.
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7» Gall bladder motility*
A careful review of the parathyroid literature has
uncovered no data pertaining to the tone and motility of
the gall bladder*
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IV. THE RELATION OF INSULIN TO ALIMENTARY MOTILITY
AND SECRETION
1. Salivary secretion.
There Is no evidence that insulin plays a role In normal
salivary secretion. The salivary glands are Innervated by
parasympathetic and sympathetic branches of the autonomic
nervous system and under normal conditions are regulated
solely by a nervous reflex mechanism. Parasympathetic stim-
ulation results in vasodilation in the glands and a thin,
watery secretion (serous cells); while the sympathetic fibers
cause vasoconstriction and a syrupy, more viscous saliva
(muccus cells).
In 1925 > Kogan and Ponirowsky, working on the antagonism
between insulin and adrenaline, carried out experiments
which seem to throw some light on the effect of intravenous
administration of insulin on human salivation. They observed
that small, non-toxic doses of insulin bring out a very small
salivary secretion. Greater, toxic insulin doses, on the
other hand, result in a heavy salivation accompanied by accel-
erated pulse, strong hyperemia of the skin and mucous membrane,
accelerated breathing, tremor, vomiting and strong cramps.
They observed that insulin caused vasodilation and therefore
apparently acted upon the parasympathetic fibers; correspond-
ingly, adrenaline acted upon the sympathetic fibers. They
were more concerned with the changes in blood pressure, however,
and did not delve into the mechanism involved in the augmented
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secretion and symptoms after the large insulin doses.
Such a report leaves much to be desired of our knowledge
of this subject. Further experimentation is necessary to yield
suitable information. Blood sugar changes in relation to the
secretory variance would indicate whether the insulin effect
was indirect and due to a resulting hypoglycemic condition.
To verify the parasympathetic mechanism, the effect of
atropine which temporarily paralyzes these fibers, or of para-
sympathetic denervation, could be tested to see if insulin
would elicit similar responses under such conditions. It is
even possible that additional work might yield contrasting re-
sults, for the work of this one series of experiments can by
no means be considered as conclusive*
2 . Gastric secretion.
The literature relating insulin and gastric secretion is
much more voluminous. Early work done on this problem yielded
contradictory evidence and even in the case of similar results,
different writers offered varied explanations to substantiate
their experimentation. At present, two facts have been rather
definitely established in experimental animals and man, and
meet with almost complete agreement. First, subcutaneous,
intramuscular or intravenous administration of insulin acts as
a powerful stimulant of gastric secretion. Second, insulin
acts on the gastric glands directly or indirectly through
stimulation of the vagus center in the brain*
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The extent of the insulin action is dependent on the dosage
employed and on the method of injection. In general, it has
been found that larger doses are necessary to provoke a secre-
tion in man (12-20|units ) than in dogs (2-10 units)} while
intravenous administration yields speedier and more uniform
results than do other techniques. It has been found that on
subcutaneous and intramuscular injection, greater variance
occurs in both the onset and degree of effect as a result of
differences in individual capacities for absorption.
In order to provide a background for discussion of the
present day conclusions on this subject, it is necessary to
present some of the work that has been done over the past
quarter century and which directly affects existing views.
In 1921, Steinberg observed on dogs with Pavlov stomach
pouches that the secretion from gastric glands after total
pancreatectomy is different from the one obtained under normal
conditions. The quantity of gastric Juice in the first two
hours after the operation was less than that in normal dogs
,
but the quantity resulting in the ensuing four hours was much
greater than the normal curve for the same period. This active
secretory period was prolonged and lasted twelve hours or
more. The total quantity of gastric Juice secreted on the
same diet was more than doubled after the extirpation. It is
unlikely, however, that this gastric hypersecretion is caused
by hypoinsulinism as Fauley and Ivy later demonstrated that
simple ligation of the pancreatic ducts has a similar effect*
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Fauley and Ivy (1929) ligated the pancreatic ducts in
Pavlov-pouch dogs and obtained a primary, temporary decrease in
gastric secretion, which was usually followed by a prolonged
hypersecretion. They concluded that the abnormal activity
in the stomach evidently was due chiefly to the exclusion of
pancreatic juice from the duodenum and a subsequent increase
in the intestinal phase of gastric secretion. Their reasons
for assuming the intestinal phase to be concerned were that
the increase was more evident during the third and fourth
hours after a test meal, and that there was a considerable
increase in interdigestive secretion.
The similar results obtained from these two experiments--
one with a complete absence of the normal insulin supply, and
the other with the normal insulin supply uninterrupted— would
seem to indicate that the internal secretion of the pancreas
plays little or no role in the normal secretory function of the
stomach. In any event, such a role has never been demonstrated
Ivy and Fisher (1924) were among the first to investigate
the relation of insulin to gastric secretion. Using two
Pavlov-pouch dogs, they subcutaneously injected 2 cc. of insu-
lin which they had prepared themselves from cattle's pancreas.
This dosage was sufficient to cause symptoms of hypoglycemia
to appear in the dogs, but had no excltory effect on the amount
of gastric secretion or on the free and total acidity of this
secretion. A few hours later, a meal of meat was fed and
despite the hypoglycemic condition of the animals, an immediate
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Increase in both secretion and acidity resulted. On the basis
of their data they reported that insulin does not excite gastric
secretion, and that it does not inhibit the gastric secretory
response to a meal* A blood sugar concentration of 0.019 was
found to be compatable with the formation of normal juice.
In light of the fact that almost all the available liter-
ature of more recent times shows insulin to be a simulant in
its action on the glands of the stomach, the data of Ivy and
Fisher is puzzling. Assuming the sharply contrasted work of
the vast majority of authors to be more iralid, the above exper-
iment might well be repeated in an attempt to discover a
possible source of error.
Before citing further work to illustrate the various
theories concerning the secretagogue action of insulin, it
might be well to say something of the nature of the gastric
secretion invoked by insulin. Babkin (1939), in contrasting
the gastric juice obtained from subcutaneous or intravenous
injection of histamine and insulin respectively, presents a
good picture of this insulin-induced product.
'
The acidity of the juice obtained with insulin is a little
lower than that of the histamine juice, but the concentration
is equally as high in both. In addition, however, the insulin
juice posesses strong peptic power and contains a fairly large
amount of visible mucus. In other words, Insulin stimulates
not only the parietal cells, as histamine does, but also other
secretory elements of the gastric mucosa, namely the chief and
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surface epithelium cells.
The ease with which especially the parietal cells of the
gastric glands may be stimulated by histamine, and the chief,
parietal and mucous cells by insulin, led Babkin to advocate
the use of these two substances Instead of the ordinary test
meals for the stimulation of gastric secretion in the human
subject in order to obtain information concerning the ability
of the stomach to secrete hydrochloric acid, pepsin, etc.
Three main defects of the ordinary test meals (e.g., tea and
bread, oatmeal gruel, etc.) are overcome with the use of these
newer test substances: (1) the gastric Juice obtained would not
be mixed with food materials from the test meal; nor (2) be
diluted with special test solutions as alcohol, etc.; nor (3)
contain saliva and duodenal Juice. Thus, through its effect on
gastric secretion, Insulin, together with histamine, can be
used to determine the acidity, the enzymatic power, the con-
centration of organic and inorganic compounds, or the mucus
content of an induced secretion and consequently of the cells
themselves
•
In 1927, three years after the work of Ivy and Fisher was
published, Popesco and Diculesco made an extensive study of
the influence of commercial insulin on gastric secretion and
stated that it had a strong stimulating effect on the stomach.
The same year, Wiechmann and Gatzeiler observed a similar
phenomenon and, in addition, noted that the administration of
atropin inhibited the secretagogue action. They were the first
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to interpret the antagonistic effects of insulin and atropin on
gastric secretion as evidence of the vagotonic action of insulin.
The detailed experiments of Roholm (1930) were undertaken
to clear up trie conflicting results that had been reported and
to investigate systematically the mechanism behind the insulin
action. From previous experience he found that best results
were obtained with intravenous Injections upon fasting indiv-
iduals. This eliminated the absorption factor and the disad-
vantages of a test meal previously mentioned. He noted a
continuous active secretion in the stomachs of these fasting
persons which varied in amount and was often only slight. The
average secretion was 10-12 cm. every ten minutes. Further
observations of this fasting juice showed wide variations in
the content of free and total acid and of pepsin, and a mixture
of a good deal of mucus. G-reat variations were seen in differ-
ent individuals and at different times in the same individual.
The effect of insulin on this secretion involves clearly
defined changes.
After the injection of insulin, as a rule, the amount of
secretion was seen to increase every ten minutes from 10-12 cc.
to 16-18 cc. In connection with this Roholm noted a peculiar
biphasic curve. A small increase during the first twenty minutes
of the experiment was replaced by a brief drop, which in turn was
followed by a greater Increase beginning about thirty minutes
after the injection and reaching its maximum fifty to sixty
minutes from the time of the insulin administation. The effect
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of insulin on the acid production followed a similar pattern
with the same peculiarities. The maximum acid production was
reached about sixty minutes after the injection and then a slow
fall occurred, and after one hundred-thirty minutes the acid val-
ues had reached levels that fell within the limits of the fasting
secretion. The peptic content also showed a considerable increase
concurrent with the increase of secretioh and acidity, and again
the curve was divided into two parts*
The first portions of the insulin-augmented Juice resembled
fasting secretion as it was colorless, turbid, viscid and con-
tained a great deal of mucus. However, along with the increase
of acid production, the secretion changed in character and
became clearer, thinner and free of mucus. It then appeared
to be a secretion of pure gastpic juice. Therefore, these ex-
periments show a considerable stimulation of the secretory fun-
ction of the stomach, resulting quantitatively in an increase
in the amount of gastric juice and qualitatively in an increase
in the content of the hydrochloric acid and pepsin.
Having established this secretagogue action, Roholm next
investigated the cause behind the effect. He observed that after
the injection of insulin a primary fall of the blood sugar con-
centration resulted which reached its lowest value within twenty-
five to thirty minutes, and then began to rise slowly. The low-
est blood sugar volume thus coincided with the start of augmented
gastric secretion and he felt justified in regarding the gastric
hypersecretion as a hypoglycemic symptom brought out by the fall
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of the blood sugar concentration. To examine further the sig-
nificance of the hypoglycemia in this respect, he produced hyper-
glycemia in Several of the insulin experiments by intravenous
injections of glucose solution or by injection of glucose through
a stomach tube. In all his experiments he showed that by suit-
able technique the augmented gastric secretion could be retarded
in its start, diminished in its output or inhibited entirely,
depending upon the time relation between the injections of in-
sulin and glucose. Beside being a hypoglycemic symptom, Roholm
indicated that the gastric secretion might also conceivably be
the effect of the hormone insulin itself, coordinated with the
hypoglycemia. By analyzing the blood sugar values in the above
experiments and by further experimentation with intravenous and
subcutaneous injections of small, increasing doses of insulin,
he set the threshold value of blood sugar required to bring out
the gastric secretion at 40-50 mg. per cent.
Concerning the blphasic curve noted, Roholm offered two
possible explanations for the relatively slight primary increase
of the secretion. First, a direct effect of the hormone was
suggested since hypoglycemia had not yet developed. Second,
he intimated that the sympathetic fibers might be involved, for
Volborth and Kudryavzeff (1927) had demonstrated that the sym-
pathetic nervouB system, in dogs, carries a small number of
acceleratory fibers in addition to its many inhibitory ones.
Roholm suggested that in varying irritability, this sympathetic
effect may have had time to manifest Itself before the main
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effect set in. However, the biphasic nature of the insulin effect
seems to have been a unique phase of Roholn^s work, as it does
not seem to appear in the reports of more recent experimentation.
The insulin effect has also been attributed to hypoglycemia
by Kalk and Meyer (1932), La Barre (1931)» and La Barre and
de Cespedes (1931)* La Barre made a further advance toward an
understanding of how the gastric secretion was induced by
hypoglycemia. In a series of cross-circulation experiments on
fasting dogs, he measured the gastric secretions in a dog de-
prived of all connections with the head except through the vagus
nerve. The blood supply of the head was furnished from a second
animal by means of a carotid-jugular anastomosis* The injec-
tion of insulin into the second dog, resulting in hypoglycemic
symptoms, increased the amount as well as the acidity of the
gastric secretion in the first dog. As did Roholm, he verified
the hypoglycemic cause, for on injection of glucose he observed
a prompt fall in the secretion curve. La Barre obtained a sim-
ilar falling off of stomach activity after administration of
atropin and therefore concluded that the changes in the blood
sugar exert their effects on gastric secretion by acting on a
center in the central nervous system and by mobilizing impulses
carried to the stomach by way of the parasympathetic fibers
(vagi) of the autonomic nervous system.
Not all workers in the field are in agreement, however, on
42
the relation between hypoglycemia and gastric secretion.
Boldyreff and Stewart (1932b) could not confirm this relation-
ship. They observed that the beginning of copious secretion
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and the increase in acid and pepsin concentration precedes the
onset of hypoglycemia and that the greatest diminution in the
amount of blood sugar is a considerable time after the onset of
secretion* In addition, intravenous administration of glucose,
in their work, did not supprees the gastric secretion produced
by insulin. On the other hand, atropin did result in suppres-
sion and thus, they also agreed that the secretagogue action
of insulin is due to vagus stimulation of the stomach#
They explained the effect of insulin on the stomach as
probably being due to its chemical nature. Insulin is a poly-
peptide and included in its actions are other effects besides
those on sugar. Among these effects might be the secretagogue
action common to polypeptides and the hormone in this case might
directly stimulate the secretory mechanism. Despite this heg-
ative work of Boldyreff and Stewart, the current opinion in the
field is in favor of the sugar theory of insulin action. Accord-
ing to Babkin (1S44) we are perfectly Justified in regarding
the gastric secretion elicited by insulin as a hypoglycemic
symptom. In diabetics, in whom the blood sugar level is rather
high, insulin is ineffective, but if the blood sugar is lowered
sufficiently by a therapeutic dose of insulin adequate for the
patient, a further dose of insulin will cause the blood sugar
to fall below the normal level and thus provoke gastric secre-
tion.
Additional evidence can be cited to corroborate the vagus-
stimulating action of insulin, besides the inhibition by atropin,
Welln and Frisk (1936), studying the gastric secretory response
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to histamine and insulin, observed that only vagal stimulation
was able to provoke the secretion of pepsin and mucus, while
both histamine and vagal stimulation produced a secretion of
very acid gastric Juice, In comparing the secretion after in-
sulin stimulation with the secretion after histamine stimulation,
he noticed that the insulin-induced gastric secretion had a much
greater mucus concentration*
Furthermore, Babkin (1939), has described an experiment per-
formed by D, R. Webster at McGill University, in which the pepsin
concentration of the insulin-induced secretion was very great*
The high mucus concentration of the insulin-stimulated gastric
secretion, as shown by Welin and Frisk, and the high concentra-
tion of pepsin in the insulin-stimulated gastric secretion, as
shown by Webster, indicate further that the vagus and the para-
sympathetic nervous system participate in the formation of this
type of Juice*
Webster studied the problem of gastric secretion by insulin
before and after double intra-thoracic vagotomy*. Five units of
insulin, injected intravenously were used to stimulate gastric
secretion. The hypersecretion was accompanied by a reduction in
the blood sugar level, and the gastric Juice obtained resembled
in all respects a typical vagal Juice obtained by sham feeding*
It possessed high free and total acidity and strong peptic power.
After vagotomy, insulin was absolutely Ineffective in spite of
the great reduction of the blood sugar which accompanied it. On
the other hand, histamine produced its usual secretory effect.
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indicating that it acts peripherally on the parietal cells. All
these facts indicate that insulin, or probably the consequent
hypoglycemia, has its stimulatory effect through the centers of
the parasympathetic system in the brain and not, as histamine,
on the peripheral parts of the gastric secretory apparatus.
In summary, it can be said that insulin has been found to
be a powerful secretagogue for the stomach whose action is prob-
ably due to the hypoglycemic condition which it produces. At
any rate, its ultimate effect is due to stimulation of the para-
sympathetic nervous system through the vagi and their centers
in the brain.
3 . Pancreatic secretion.
The relations between the external and internal secretions
of the pancreatic gland are very poorly understood. In fact, a
study of the literature on this subject reveals two distinctly
different schools of thought. First, there are those who have
reported that insulin stimulates pancreatic secretion. Second,
there are those maintaining that insulin decreases pancreatic
secretion. Furthermore, the available work seems to be fairly
well divided between these two groups.
Jones, Castle and Mulholland (1925) showed that in diabetes
raellitus there was a marked reduction in the external secretory
activity of the pancreas. They attributed these abnormalities
as probably due to associated anatomic and functional changes in
the acinar tissue of the pancreas, affecting the enzyme produc-
tion. They observed that sufficient quantities of insulin
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administered over a long enough period of time resulted in im-
proving the tissue functions. This work might lead to specu-
lation as to whether the hyperglycemic condition of the diabetic
had been responsible for the decreased pancreatic activity and
whether the therapeutic effect of insulin might have been due
to its lowering of the blood sugar. Such an idea is seemingly
offered support by the work of Frisk and Welin (1937).
These investigators studied the effect of intravenous in-
jection of insulin upon the external secretion of the pancreas
of fifteen Individuals. After insulin stimulation (20 units)
there was a marked increase in the concentration and amount of
enzymes concurrent with the appearance of subjective symptoms
of hypoglycemia thirty minutes after the injection. However,
this enzyme production was the chief feature of the insulin
stimulation as there was only a slight or insignificant in-
crease in the total amount of pancreatic Juice.
Boldyreff and Stewart (1932a), following up their conclu-
sions as to the vagotonic nature of Insulin upon gastric secre-
tion, considered that insulin might also stimulate the external
secretion of the pancreas. The occurrence of appreciable amoun
of pancreatic Juice in the gastro-intestinal tracts of both warm
and cold-blooded animals in hypoglycemic coma and the disappear
or marked reduction in the number of zymogen granules in pan-
creatic acini after insulin administration, led them to the
belief that the action of insulin is similar on both gastric
and pancreatic glands.
-ipsl> o rf«f nol t»I lesioc. .-i a e l ri
,
.
-
.
.
i
:
1 '
• f
-
.
tv - ) ' :-J : \\
-
t
• •' c < v.
'
.
~
-
“
c , r 'i i ; t
*
^
’
r -
• >1?
.
47
Agreeing with this, Collazo and Dobreff (1925) reported a
small but definite increase in pancreatic secretion on the in-
travenous injection of insulin in the dog. According to Okada
(1933 )» hypoglycemia stimulates and hyperglycemia inhibits the
pancreatic secretion. He carried this one step further and
attributed the effect to action through the vagal centers and
thus a similar phenomenon as occurs in the stomach.
Directly opposed to the theory of Oka&da are the results of
La Barre (1930). Using the cross-circulation method described
previously, on two dogs, La Barre demonstrated that hypergly-
cemia in the donor increases and hypoglycemia, induced in the
donor by insulin, decreases the volume of the pancreatic solu-
tion and the total output of enzymes. He also noted that the
thalamic region of the brain was necessary for the hypergly-
cemia to exert a positive effect on the pancreatic secretion.
La Barre received support from the work of Baxter (1932).
He studied the effect of insulin-induced hypoglycemia on normal
rabbits and also noted the existence of a close relationship
between the blood sugar level and the secretory processes of
the pancreas. He established that thejhypoglyceraic state of the
blood provoked by insulin, diminished the discharge of enzymes
and the total secretion from the pancreatic gland. He also
attributed the effect to action on the brain, for if both vagi
were sectioned there was an absence of any significant fall in
the enzymatic power on insulin injection.
Lambert and Hermann (1925) reported that they were unable
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to obtain an Increased external pancreatic secretion after
intravenous injections of insulin in morphine-drugged dogs,
although blood sugar determinations revealed hypoglycemic
conditions. In their control animals, however, injection of
secretin had brought forth abundant pancreatic secretion. They
made no mention of a depression of activity following insulin
and, therefore, from their observations it would appear that the
internal secretion of the pancreas had little or no effect on
its external secretion.
It is thus apparent that the relation of insulin to
external pancreatic secretion is inconclusive and additional
research is necessary to settle this controversy.
4. Bile secretion from the hepatic cells.
The only suitable reference which I have been able to locate
concerning the effect of insulin on the secretion of bile is the
work of Downs and Eddy, carried on over twenty-five years ago.
Their experiments were undertaken in an effort to determine the
effect of certain of the glands of internal secretion upon the
output of bile by the hepatic cells of dogs. Doses of 10 mgra.
of gland substances per kgm. of body weight of the animal were
dissolved in 100 cc. of physiological saline solution, warmed
to 37 degrees Centigrade on a water bath, and injected into the
right Jugular vein.
Counts of bile drops from a cannula after injection of
pancreatic substance revealed a decrease of more than one-half
the original secretion in all dogs. The average decrease for
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the first twenty-minute period was 45.45 per cent; the second
count, after forty minutes, showed an average decrease of 44.28
per cent below the initial count. k xstrickioxg:xftaartaxK® xocR xtrtxe
fc^ktekackxaonmfcx A striking feature of the initial period was the
extreme diminution occurring in the first half of this twenty-
minute interval. Only 19 percent of the total secretion dur-
ing the twenty minutes after injection appeared in the first ten
minutes ; while 81 per cent appeared during the second half of
the period. The rate of secretion for the period twenty to
forty minutes after the injection was more uniform.
It is almost certain that the pancreatic substance used
was not a true insulin product and therefore, it would seem
necessary to repeat this work before conclusions can be drawn
regarding the mechanism involved in this action.
5. Gastric motility.
Experimental evidence with both man and animals, points
to a unanimity of opinion that insulin administration increases
the tone and motility of the normal stomach. However, as was
shown in respect to other phases of gastro-intestinal activity,
the mechanism of the insulin action has been given varied
explanations
«
Bulatao and Carlson (1924) were among the earliest workers
on this problem. They made detailed studies of the gastric
hypertonus and hypermotility observed following insulin admin-
istration in normal fasting dogs. After the subcutaneous in-
jection of 20-40 units, an increase in gastric tonus and in the
.*
«
-
.
.
.
.
. ?
'
'
• i L'S l f ' - u' •
-
. ! ' t . * : ’ i'i! I <r v. t : .
'
•it
,
£ , r , l 1 Q .
.
,
.
.
“
« .
• J i-: \C, C'.l l . I
"
Ti
-
*
'
50
height and frequency of contractions usually appeared in fifty
minutes, gradually developing into tetany in one hour after the
injection. This gastric hypertonicity and tetany was associated
with a fall in the blood sugar to 0.08-0. 07 per cent, and could
be inhibited by the subsequent administration of dextrose*
They were not able to arrive at a definite cause for this
insulin action but did suggest several mechanisms that might be
involved. Since they knew that raising the blood sugar level
leads to an increase in the glycogen content of the tissues,
and that when glycogen is available it is the first source of
energy in tissue activity, they advanced the theory that the
influence of hypoglycemia on gastric motility might be due to
a change in the energy metabolism of the gastric motor tissues
when the available glycogen is reduced. A second view was that
the gastric motor tissues, when they oxidize lipoids in condi-
tions of reduced glycogen, liberate cholin, which in turn may
stimulate the gastric motor mechanism. For another suggestion
they referred to the work of Cannon, Mclver and Bliss (1924)
who reported that in insulin hypoglycemia there was an in-
creased output of adrenalin. Bulatao and Carlson considered
that this adrenalin augmentation might play a role in the
insulin action, or that, finally, the motor nerves to the
stomach may be involved.
The inadequacy of the knowledge on this subject led
Quigley, Johnson and Solomon (1929) to investigate and extend
the phenomena observed by these earlier workers. Their exper-
iments were carried out on three normal men and one woman,
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after fasting periods ranging from 11-44 hours# They estab-
lished that the subcutaneous injection of insulin in doses of
12-20 units gave an increase in gastric tone and motility in
about an hour after the time of administration# These results
are seen to be very similar to those of Bulatao and Carlson
with dogs# It was further observed that as a rule the increase
in activity occurred in the pyloric region of the stomach first
and that the vigorous activity and high tone usually persisted
as long as the experiment was prolonged, frequently about three
hours
•
Having thus corroborated earlier reports, these invest-
igators did further work in an attempt to determine the site
of the insulin action# Several procedures which were known to
inhibit the motility of the fasting stomach were tried during
a period of insulin-induced activity. In this way they de-
termined that smoking, mild nausea, unpleasant emotions, body
discomfort, sight or thought of food, extraneous disturbances,
the pressure of indifferent substances or food in the mouth,
or even swallowing food did not modify the activity. However,
subcutaneous injections of 0.5 mgm. of adrenalin or 0. 5-1.0 mgm.
of atropine were found to inhibit gastric activity for fifteen
to thirty minutes. The adrenaline inhibition was thought bo
have been the result of stimulation of the splanchnic nerves to
the stomach, an increased blood sugar, or both; while the atro-
pine effect was attributed to paralysis of the vagus nerve endings
From their observations they concluded that insulin in-
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creased gastric movements by producing hypoglycemia which acted
on the gastric mechanism. They considered four sites of action
for this stimulatory factor: (1) the gastric musculature; (2)
the intrinsic gastric nervous system; (3) the myoneural junction;
or (4) the central nervous system. The inhibition produced by
atropine seemed to favor the last-named as the site of action
and indicated that impulses were transmitted to the stomach over
the vagi and atropine affected the activity by its action on
the myoneural junction*
The findings of Wilder and Schultz (1931) on dogs corres-
pond with those reported by Quigley and his associates using
human subjects. Their work involved testing the action of
atropine and adrenaline on the nerves to a stomach brought
into extreme hypermotility by hypoglycemia due to insulin
injection. Subcutaneous injection of 0.5 mgm. of atropine
sulphate given during the insulin-augmented activity resulted
in marked Inhibition to complete cessation of gastric movements
and a concomitant fall in tonus. Blood sugar readings made at
the time hypermotility after insulin was established showed a
fall in blood sugar values to around 0.025-0.35 per cent, and
determination following the atropine administration witnessed
a further lowering.
When intravenous injection of 0.3-0, 5 cc. of 1:1000
adrenaline solution was made during the insulin hypermotility
the changes in tone, motility and blood sugar readings were
similar to those after atropine. There was no increase in the
blood sugar after adrenaline at the time the inhibitory action
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of the drug was noted, as had been suggested by Quigley et al«
In fact, a further slight decrease was observed, and therefore,
the adrenaline action was attributed to splanchnic stimulation
only. They concluded that the Increased tonus and hypermotility
which took place when the blood sugar was markedly low following
insulin, was dtiie to increased irritability of the vagus motor
nerve fibers to the stomach and a general increase in central
nervous system irritability.
In 1930, Quigley and Templeton published a series of papers
on the action of Insulin on the motility of the gastro-intestin-
al tract which contributed greatly to an understanding of the
mechanics of insulin-induced gastric hypermotility* These ex-
periments were aimed at following up the insulin action previous-
ly observed on the normal fasting stomach*
The first report (Templeton and Quigley) concerned the
action of Insulin on the motility of the Heidenhain pouch in
fasting dogs* The typical effect after subcutaneous or intra-
venous doses of 20-40 units was inhibition of the pouch. In an
attempt to explain the failure of the pouch to respond to insulin
as had the normal stomach, they discovered by a triple balloon
technique that all parts of the stomach respond qualitatively the
same and therefore the difference was not due to the particular
area from which the pouch had been made* They assumed that in-
sulin acted either centrally or peripherally. If the site of
action was central, the opposite effects obtained here might be
related to sectioning of the vagi during the pouch preparation;
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or if peripheral, it might have been due to an alteration of the
peripheral motor mechanism to the insulin. Obviously more
experimentation was necessary.
In their second paper, Quigley and Templeton (1930a)
studied the effect of insulin on the motility of the denervated
pyloric stomach pouch and on the stomach following double
splanchnicotomy . Although they were still doubtful as to
whether the site of action was peripheral or central, they
admitted the latter to be more likely. In the completely
denervated pouch, neither subcutaneous or intravenous inject-
tions of 16-18 units of insulin nor the ensuing hypoglycemia
succeeded in modifying the tone or motility. The characteristic
effect, however, of subcutaneous Injections of 20 units of
insulin on splanchnicotomized stomachs was a rise in gastric
tone and an increase in motility slightly greater than observed
in normal animals. From the pyloric pouch results it would
seem that insulin modifies gastric motility by some central
action eliminated by the denervation procedure. Furthermore,
the augmented activity seen on the splanchnicotomized dogs
after insulin administration points to the vagus as being the
stimulatory mediator in the normal stomach*
Their third investigation (1930b) concerned the action of
insulin on hunger contractions following double vagotomy. This
action was one of inhibition either within four or after about
fifteen to forty-five minutes for intravenous or subcutaneous
Injections respectively. The fact that this gastric hypomotility
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persisted throughout the hypoglycemic period while the convul-
sions and other symptoms of insulin overdosage were evident,
serves as further substantiation to the view that insulin acts
centrally to produce a discharge of motor impulses over the vagi
and that these impulses are not permitted to reach the stomach
in this case due to the surgical interruption* Under this
»
mechanism the gastric inhibition observed in these vagotomized
dogs is due to stimulation of the remaining sympathetic fibers
leading to a discharge of inhibitory Impulses to the stomach,
a fact which is in accord with the explanation of Wilder and
Schultz concerning the inhibitory effects of adrenaline admin-
istration*
On the basis of this theory, the earlier results of these
men can be adequately accounted for. The action of insulin
on the motility and tone of normal fasting stomachs in such a
situation would be the result of a discharge of impulses over
the sympathetic fibers to the stomach which oppose the vagal
effect. The influence on the vagi would seem to predominate
due to the augmentations evidenced. Thus, after splanchnicotomy
the Increase of activity was greater than normal due to the
absence of the inhibitory sympathetic fibers. Similarly, the
inhibition observed in the Heidenhain-pouch dogs would be attrib-
utable to the fact that only the splanchnic fibers were left
» Intact after this operative procedure. The results with pyloric
pouches also fit in nicely with this view as it seems justifiabl
that when both the vagus and splanchnic fibers are sectioned,
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as In this situation, insulin would be without effect.
It therefore appears that the insulin augmentation on
gastric motility is parallel to its secretagogue effect on
stomach secretion since they both are due to the stimulation of
the parasympathetic nervous system through the vagi and their
centers in the brain. As in the secretory discussion, the
question arises as to whether the results are due to the hormone
insulin itself or are related to the induced hypoglycemia.
However, in this case, no one has presented evidence that the
increase in gastric tonus and motility precedes the appearance
of hypoglycemia and thus the indirect effect of insulin on the
blood sugar level has met with general acceptance as the mode
of its action.
6 • Intestinal motility.
Since it had already been shown that injection of insulin
increased the gastric activity of normal fasting dogs and that
a similar phenomenon occurred in man, Quigley and Solomon (1940)
decided to extend the investigation to other portions of the
gastro-intestinal tract. They studied the action of insulin on
the motility of the human duodenum and of the colon of dogs.
The activity of the human intestine was recorded with
either a singlejbr double balloon in the duodenum and this
activity was correlated with the response of the stomach by
making simultaneous records from a single or triple balloon
placed in the stomach. They observed that the duodenal response
to the subcutaneous injection of 12-20 units of insulin always
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occurred about fifteen minutes preceding that of the stomach and
consisted of a gradual increase in the frequency of contractions
while the tone was generally unaltered. The characteristic
effectB on the duodenum were the increased frequency of contrac-
tions and the prolonged duration of this activity. These
features were similar to those which had been witnessed by
Quigley, Johnson and Solomon in the stomach.
Subcutaneous injedtions of 1 mgm. of atropine were observed
to Inhibit the duodenal insulin response more promptly and for
a longer duration than in the stomach. A reverse peristalsis
which occurred in the stomach as motility began to return follow-
lng the atropine injection was not evidenced in the duodenum.
They also inhibited a vigorous gastric and duodenal response
to Insulin by administering 100 cc. of water containing 25 gms
.
of cane sugar and observed that water alone did not have an
inhibitory effect.
The action of insulin on the motility of the colon was
studied with twenty -four experiments on two normal fasted dogs
having balloons in their stomachs and colons. The normal
hunger activity of the colon consisted of periods of increased
tone with super-imposed contractions occurring regularly. After
the subcutaneous injection of 16-40 units of insulin the
quiescent intervals separating the contractions became shorter
until by the time the increased gastric motility became evident,
the contractions of the colon were vigorous and the tone remained
high. This condition, as in the duodenal experiments, was
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I
terminated by the intravenous administration of dextrose given
to relieve the hypoglycemic convulsions*
From the similarity of the intestinal results to those of
the stomach, both as to the augmentative effect of insulin and
the inhibition of this effect by atropine and dextrose, it seems
likely that the mode of action in the intestine is also due to
[the stimulation of the vagal centers of the brain through the
insulin induced hypoglycemia.
Before leaving this discussion of the relation of insulin
to intestinal motility it might be interesting to present the
results of Barlow (1931) as they represent a method of study of
this relationship heretofore unmentioned. He described the
action of insulin on isolated segments of rabbit intestine
suspended in a warmed (37.5° C.) oxygenated Locked solution
(pH 7*6). The addition of 0.1-5 units of insulin per cc. of the
bath was observed to produce an immediate loss of tone and a
decrease in the amplitude of contraction, proportional to the
dosage administered, with little or no change in the rate of
rhythmic activity. There was a gradual recovery from this initla
depression usually completed within two to twelve minutes, and,
as a rule, the tonus and amplitude of contraction of the segments
was greater after recovery from insulin than in the preceding
normal period. In some cases the depression was very slight and
of short duration; while the secondary stimulation of amplitude
and rate was quite marked and lasting. When second and third
doses of insulin were added to the bath after recovery had
occurred, only stimulation ensued*
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They reported that atropine did not significantly affect
the phenomenon of the insulin action; while the application of
insulin to the intestine after the exposure of the segment to
atropine resulted in a significant improvement in rhythmic
adtivity. They therefore set forth the view that these reactions
do not involve parasympathetic stimulation and that Insulin has
a direct stimulatory action on the smooth muscle.
I do not feel that these diphasic results offer any serious
contradiction to the intestinal experiments in situ previously
described, due to the great many factors at variance in the
procedures involved, and also because Durant (1925) obtained
results indicating that the intestine of rabbits differs from
that of cats and dogs in its response to drugs. Cn the other
hand, this work seems to be of Interest as it presents a
different aspect of approaching this problem.
7 • Gall bladder motility.
I find very little reference to the relation of insulin to
gall bladder motility. In the two investigations mentioned
below, insulin was merely one of several hormones and drugs
employed and thus its effects were not adequately studied.
Cannava (1938) prepared isolated gall bladders so that the
internal pressures could be varied and noted, as drug responses
were found to depend on internal pressure. He observed that
insulin tended to depress the rhythmic contractions and some-
times the tone of these preparations.
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Erbsen and Damm (1927) studied the reactions of the guinea
pig s Isolated whole gall bladder suspended lengthwise or cross-
wise in an oxygenated Tyrode *s solution at 38° Centigrade. He
reported that insulin had no influence on the tonus of the
bladder*
The Inadequacy of the knowledge presented in these works
is evident, and thus further more detailed experimentation is
necessary before definite conclusions can be drawn.
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V. THE RELATION OF ADRENAL SUBSTANCES TO ALIMENTARY
MOTILITY AND SECRETION
»
1 . Salivary secretion*
A critical review of the literature in this field has
yielded no physiological evidence that the adrenal glands take
part in normal salivary secretion* Scattered experimental
reports have been made, however, concerning the effect of
adrenaline or epinephrine injection on salivation. Oddly
enough, all this work seems to have been done on the salivary
glands of cats*
As early as 1901, Langley investigated this relationship by
the intravenous administration of a self -prepared suprarenal
(adrenal) extract into anaesthetized cats. Adrenal bodies
were removed, dried in a desiccator, a portion of the dried
substance gound with sand and 75 per cent salt solution, a
drop of acetic acid added and the mixture boiled and filtered.
The proportion of dried gland to salt solution was 1:100. He
observed that such an extract caused a lively secretion from all
the salivary glands. He concluded that this stimulation is on
some peripheral structure by the fact that this injection caused
a secretion after the administration of doses of nicotine and
atropine. However, after a large dose of atropine, the adrenal
extract did not bring forth a secretion and he, therefore,
considered that a mutual antagonism existed between these two
substances •
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Florovsky (1917) observed that the denervated salivary
gland of the cat was particularly sensitive to the action of
epinephrine. He concluded that increase of secretion from a
denervated, pilocarinized gland in response to the stimulation
of the sensory fibers of the sciatic nerve, was due to a
reflex liberation of adrenaline, since the effect did not
appear after adrenal extirpation.
Considering the results of Florovsky, Stavraky (1942)
made an investigation in an attempt to throw more light on
the question as to the way in which pilocarpine may possibly
sensitize the submaxlllary gland to adrenaline. His results
showed that small doses of 0.01 mgm. of epinephrine did not
produce submaxillary secretion in the cat, but did markedly
increase a secretion previously Induced by pilocarpine. Cases
of augmentation were accompanied by a vasodilation. Doses of
0.05 mgm. of epinephrine were found to produce vasoconstriction
and reduce salivary secretion. The parotid gland was dis-
covered to be less sensitive to parasympathomimetic stimuli
and to epinephrine and required increased doses of both
pilocarpine and epinephrine to produce augmented salivation.
In regard to the synergism which pilocarpine and other
parasympathetic substances and adrenaline exerted on salivary
secretion, Stavraky noticed the possible significance of the
definite sensitivity of this pilocarplnized gland to changes
in the blood pressure. One explanation was presented that
along with the changes in the blood supply, varying amounts
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of secretagogue substances circulating in the blood stream
reach the gland and, in this way, small doses of adrenaline,
by causing vasodilation, might permit larger amounts of pilo-
carpine to reach the glandular cells
.
A second suggestion for the synergistic action resulted
from the observations of Hebb and Stavraky (1936) dealing
with the effect of adrenaline on the permeability of the
subraaxillary gland to blood glucose. They showed that
adrenaline increased the permeability of the salivary glands,
and thus, Stavraky considered it quite likely that the
synergistic action here might possibly be caused by a greater
diffusion of pilocarpine or other secretagogues into the
glandular cells. He also mentioned the necessity of keeping
in mind the possibility that a true sensitization of the
gland to adrenaline is effected by pilocarpine as suggested
by Florovsky.
In a study of the cytological changes of the cat's
submaxillary gland after autonomic and adrenaline stimulation,
Rawlinson (1933) found that intravenous injections of adrenaline
into the femoral vein caused secretion from the glands in
fifteen to twenty seconds. The rate and amount of flow was
observed to be very similar to that obtained by sympathetic
stimulation.
A free flow of saliva from the cat's submaxillary gland
was also obtained by Cannon and Bacq (1931) upon stimulation
of the abdominal sympathetic chain at the base of the tail.
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Since smooth muscle was the only tissue known to be affected
by sympathetic stimulation in that region, since the only
connection between the tail area and the responding denervated
gland was the blood stream, and since interfering with the
stream in the part where the smooth muscle was stimulated
either markedly depressed or abolished the response, they
inferred that a hormonal substance was liberated in the blood
steam to affect the salivary gland, and they called it
"sympathin" . This substance resembled adrenaline in its action.
They stated that as knowledge of its character was increased,
sympathin might really prove to be adrenaline developed for
local action in smooth muscle cells.
Although these reports indicate that adrenaline has a
stimulatory effect on salivary secretion, the question of the
mechanism of this action does not seem to be settled. Since
in normal glands sympathetic stimulation is known to result
in a syrupy, more viscous saliva than that induced by
parasympathetic fibers, qualitative experiments might shed
more light on the way in which adrenaline effects salivation.
2. Gastric secretion.
A great deal of experimentation has been carried out on
the influence of the medullary hormone of the adrenal gland,
adrenalin, on the gastric secretion of both man and animals.
These results in many cases have been very conflicting. On
the other hand, I have found relatively little literature
concerned with adrenal cortex extracts and steroids in this
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relation and shall present this scant information before delv-
ing into the more voluminous field.
Allodi and Clonini (1936) observed that intramuscular
administration of cortical extract in man stimulated gastric
secretion in man. Tuerklscher and Wertheimer (1945), investi-
gating the effects of adrenalectomy on gastric secretion in
rats, found that the resulting secretory disturbances could
only be cured by administration of a whole cortical extract.
These disturbances on adrenalectomy consisted of a marked
decrease in free acid, total acid and volume of secretion,
as well as a lowered content of both rennin and pepsin.
Medullaectomy alone had not resulted in such changes and it
would therefore seem apparent thaty they had come about due to
the loss of normal cortical substance. Cox (1942) made mention
of the fact that derangement of the adrenal cortex by Addison’s
disease, syphillis or tuberculosis resulted in an absence of
hydrocloric acid, among other symptoms. These workers seem to
receive support from Thaddea (1936) who described marked
reduction or cessation of acid secretion in advanced stages of
Addison's disease and found that administration of cortical
hormone led to improvement in this acid secretion.
Although the above point to a stimulation of gastric
secretory functions by the extracts of the adrenal cortex, the
action of cortical steroids indicate different effects.
Tuerkischer and Wertheimer, using desoxycorticosterone acetate
(D.C.A.), were not able to get as definite a stimulatory effect
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on the gastric secretion of their adrenalectomized rats as they
had upon treatment with whole cortical extract. They found
that 1-4 mg. of D.G.A. caused only a slight increase in the
volume of gastric secretion and no improvement in acid and
pepsin content. Only the rennin secretion was observed.
In a paper by De Muro and Ficari (1947) unpublished re-
sults of the former are referred to concerning the effect of
D.C.A. on human gastric secretion. He had observed a decrease
in the acidity and volume of the gastric content, the most marked
inhibitory effect being found after large doses of 20 mg. of
D.C.A. administered daily for five days. These authors identi-
fied lesions, glandular degeneration, and other morphological
changes elicited by repeated injections of D.C.A. on the gastro-
intestinal tracts of dogs and rabbits. They felt that since
these changes altered the functional activities of the stomach,
and particularly the secretory process, that they substantiate
De Muro’s unpublished results concerning secretory inhibition
after D.C.A.
Obviously more Investigation regarding possible relation-
ships between cortical substances and gastric secretion is
necessary before any justifiable conclusions can be drawn.
A survey of the literature on the effect of adrenalin on
gastric secretion is confusing. Often in a single report, use
of subcutaneous, intravenous, intramuscular, and oral adminis-
tration yielded different sets of results. In addition, there
is even disagreement among certain authors who have used similar
t
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techniques of adrenalin administration.
Subcutaneous injections of adrenalin have been found either
to depress or to have no effect on gastric secretion. Rogere
,
Rahe and Ablahadian (1919) observed that such an administration
of 3 cc. of a 1:1000 solution of adrenalin hydrochloride cut
down the normal flow of gastric Juice one-half. They obtained
similar inhibition by other adrenal tested. Extracts of the
whole adrenal gland, or adrenal nucleo-proteins in which there
are only traces of epinephrine, were more vigorous in their
secretory diminuation. They therefore, concluded that these
effects were due to some substance produced by the adrenal gland
exciting the sympathetic nerve terminals, which in turn display
inhibitory powers on gastric secretion. Due to the fact that
other adrenal extracts resulted in more marked changes, they
stated the adrenal substance was not epinephrine alone, but
something in which it played a part. Moll (1928) tested the
action of subcutaneous injection of 15 minims of 1:000 adrenalin
on two cases of hyperchlorhydria in man and obtained similar
results as to the volume of gastric Juice. He also noted a defi-
nite inhibitory action on the secretion of free hydrochloric acid.
Ivy and Javois (1925) were unable to demonstrate marked
Inhibition as described toy the above, and observed that hypoder-
mic injections of 0. 5-1.0 cc. of 1:1000 adrenalin either only
slightly depressed or had no effect on gastric secretion. Still
further along this line, Bennett (1923) using subcutaneous
injection of adreaaline on normal men, failed to obtain any
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gastric effect, although various doses were tried and blood
pressure and subjective effects were sometimes noticeable.
The data on intravenous adrenalin experimentation are even
more conflicting. As early as 1908, Yukawas recorded that
eight drops of adrenalin in 1 cc. of water, so injected, aug-
mented gastric secretion in most cases. More recently Parrot
(1941 ) and Parrot and Verliac (1941) have reported on fasting
dogs that intravenous injection of 25-50 gm. of adrenalin chlor-
ohydrate per kilogram of body weight was regularly followed by
a marked activation of gastric secretion. In the latter report,
the adrenalin -induced secretion was found to be relatively poor
in acid and diastase, and thus opposite to the secretion which
denotes parasympathetic agents, and also distinquishable from
histamine provoked secretion as it showed an abundance of mucus.
From this it might be intimated that sympathetic excitation
was involved. However, Parrot showed that 0.25 mg. per kilogram
of body weight of atropin, a parasympathetic inhibitor, inhibit-
ed the secretion after the adrenalin. He suggested that this
action of adrenalin depends on the same transformations of the
hormone as do its inversion effects on carbohydrate metabolism.
In cats, Lim (1922) found that Intravenous injections of
1 cc. of 1:10,000 solution of adrenalin sometimes stimulated
gastric secretion. On the basis of his observation, Ivy and
Javois carried out a more detailed investigation on dogs,
employing small and large quantities of varying concentrations.
In sixteen experiments their injections resulted in only two
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positive results and these occurred in the same dog on the same
day. Four attempts to repeat these results on the same dog
on different days were unsuccessful. They therefore, were
forced to conclude, as had Lim, that adrenalin intravenously
sometimes stimulates stomach secretion. As a possible explana-
tion for this occasional augmentation, they suggested that a
brief vasodilation and increase in blood flow had been
responsible
.
There is also indication of even more negative results
after intravenous injection. Hernando (1923) observed on his
patients that 0 . 1-0.05 ragm. of 1:1000 adrenalin solution given
in this manner diminished or had no effect on the gastric
secretory mechanism. Hess and Gundlach (1920) observed depres-
sions when 0.5 cc. of 1:1000 adrenalin was given intravenously,
and similar results were reported by Rothlin (1920).
The three investigations mentioned in the preceding para-
graph, in addition, also reported a decided diminuation in
gastric secretion following intramuscular dosages. The only
work I have been able to find at all contrary to this, is that
of Loeper and Verpy (1917). They injected 1 mgm. of adrenaline
intramuscularly in man and reported an increase in the total
quantity of hydrochloric acid and especially in the value of
free acid. This increase reached its maximum in the first
hour and diminished one and one-half hours after the injection.
Administration of adrenaline by mouth has resulted in
either depression of gastric secretion or has had no effect.
..
c:
€
' , T V ' K
.
fvivw « . £v in a©o,oujrc 9*tsw «?*& ,)<
",
.
..
••'
'
'
v .
‘
,
c ••J.t c 10! J ft r
-
. :
,
j
- T ; I .
'
-
r, r-
.
.
-
.
-aenqoL
,
'
.
- i
k
-
i In
. . jT ' • i c ; • .? C f ! .
.
LfiSoi tcW ~t &HB0i r -i* n i 3: a< 3 ftT a& upbi nfi-« ^JCneluo : rffi/i Jfi
: « . •- . i- . t> ^ i
.
. .
' \, r >i a
,
Yukawa gave eight drops in a capsule with a test meal and
obtained an augmentative response in most cases* A year later,
Bonche (1S09) reported similar results with 20 drops given
five minutes after test meal. More recently, Hernando (1923)
also noted increased secretion after giving patients ten drops
of 1:000 adrenalin per os three times a day. On the other hand.
Ivy and Javois (1925) gave adrenalin to dogs by stomach tubes
in doses of 30-50 cc. of 1:3000-1:50,000 solutions without
observing any signs of definite stimulation.
Bennett (1923) became concerned with the tendency of many
of the physiologists of his day, to explain the marked gastric
effects produced by unpleasant psychic influences as being the
result of an increased production of adrenal secretion into the
blood stream. He carried out a number of experiments on normal
men in which he washed their stomachs with adrenaline in vari-
ous strengths, and then gave a test meal. This procedure yields
no gastric effects, although he used strengths of as much as
1 in 5» and used sufficient amounts to ensure a washing of the
greater part of the gastric mucosa.
The work of Ivy and Mcllvian (1923) presents a different
approach to the study of the relation of adrenaline to gastric
secretion. They applied a 1-50,000 solution to the mucosa of
a duodenal-jejunal Thiry fistula and obtained a definite stim-
ulation stomach activity. They did not perform enough experi-
ments to feel warranted in stating a mechanism for this action,
but felt certain that it was not due to absorption of water.
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the distention or motility of the intestine, or irritation of
the mucosa. Among possible mechanisms, for the increased
gastric fow, they suggested a local sensory reflex from intest-
inal mucosa to gastric mucosa; a longer reflex to the higher
centers, having either a secretory or a vasomotor effect; the
production of a secretion in the intestinal mucosa; the presence
of secretagogues in the adrenalin; or a "nausea-reflex"
.
Before leaving this review section of gastric secretion,
I would like to make mention of the work of Friedman on secre-
tion in frogs and birds. His work shows that the nervous
control and morphological make-up of the glands of these
animals vary from those of man, cats, dogs, and from other
higher invertebrates
.
In 1934 he obtained an acid secretion in frogs on adminis-
tration of adrenalin. This secretion appeared after a latent
period proportional in duration to the concentration of the
injection. He further observed that this augmentation was
obtained on stimulation of the splanchnic nerves and was
inhibited by cutting these splanchnic fibers; while vagus
stimulation and pilocarpine or acetylcholine stimulation were
without effect. Continuing these studies, in 1937» he noted
the appearance of a large secretion of pepsin after the adminis-
tration of large doses of 1:1000-1:5000 adrenaline solutions
and here again parasympathomimetic substances gave negative
effects. Therefore, unlike the cat, dog, and man, the secretior
of acid and pepsin was seen to be under control of the sympa-
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thetic nervous system.
In 1939, Friedman noted that whereas in acid and pepsin
are secreted by two morphologically different elements of the
stomach mucosa (parietal cells for acid and chief cells for
pepsin); in birds, as the pigeon, both acid and pepsin are pro-
duced from a single type of cell and no cells comparable to the
mammalian parietal cells could be found. He observed that in-
jection of 1 cc. of 1:10,000 adrenaline solution did not stim-
ulate gastric juice in the pigeon while this was not the case
with acetylcholine and pilocarpine, and he therefore concluded
that gastric secretion in birds is under the control of the
parasympathetic nervous system.
3. Pancreatic secretion.
There has not been a great deal of work done concerning
the effects of adrenaline on external pancreatic secretion.
However, those investigators who have attempted to observe a
possible relationship, are agreed upon the action caused by
adrenaline Injection on this aspect of alimentary function.
In almost all instances adrenaline and related compounds caused
a diminution in the flow of pancreatic juice.
In his observations on the physiological action of extracts
of the supra-renal bodies, Langley (1901) found that in no
case was any pancreatic secretion caused by Intravenous injec-
tion of his preparation of a desiccated gland extract in cats.
Benedicenti (1906) was apparently the first to observe that
adrenalin Inhibited the flow of pancreatic juice. Working on
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dogs with pancreatic flstulae, he reported that after the sub-
cutaneous injection of 2-3 rag. doses of adrenalin, the rate of
secretion was diminished almost immediately, and in some cases
stopped almost entirely. He further observed that this inhibi-
tion was of considerable duration and was not affected by in-
jection of small doses of pilocarpine, although the feeding of
food brought forth a copious outflow.
Data substantiating the preceding, were presented two years
later by Pemberton and Sweet (1908), also on dogs. On intra-
venous injection of 3 cc. of adrenalin chloride they found the
flow of pancreatic Juice *as decreased almost at once, and in
most cases completely ceased. The duration of Inhibition was
proportioned to the size of the dog, and the activity of the
pancreas. Concomitant data revealed that the onset of this
action was independent of the general rise in blood pressure
seen after the injection, and that the inhibitory factor of the
extract disappeared by decompofcition, oxidation, or other means,
before the blood pressure raising element was gone. Furthermore,
they stated that old preparations of adrenalin had been known
to raise the blood pressure and yet cause no inhibition. They,
therefore, claimed a certain degree of specificity in this
action.
Edmunds (1909) also reported very distinct inhibition of
external pancreatic secretion, employing doses of 1 cc. of a
1:5000 adrenaline solution on both dogs and cats. The most
simple explanation which occurred to him was that the secretory
diminution was due to the circulatory disturbances which follow
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the adrenaline Injection, and that an anemia of the pancreas
caused by vasoconstriction in abdominal vessels had thus inter-
fered with normal gland functioning. This view and its support-
ing evidence was decidedly in contradiction to Pemberton and
Sweet
.
In going over the results of these two men, Edmunds was
not particularly in agreement with the manner in which they
had excluded the influence of circulatory changes. Nicotine
was known to raise the blood pressure as much as adrenalin and
he, therefore, observed the action of this drug to see whether
it would effect the pancreatic secretion. It was found to cause
a like inhibition. Since asphyxia and splanchnic stimulation
also produced anemia and diminished secretory activity, he
felt Justified in his view that the adrenaline inhibition was
not specific, but the result of vasoconstriction and the
ensuing anemia of the gland.
He could not confirm the statement that old adrenalin solu-
tions lost their inhibiting power while vaso-motor action
persisted. After heavy mold growth had occurred on his original
solutions, Edmunds still maintained inhibition with no appre-
ciable difference in action from fresh solutions except that
they had become weaker. As a possible explanation for the
different results obtained by Pemberton and Sweet, he suggested
that they had been working with a very active pancreas which
had been harder to inhibit than most glands tested.
The following year, Pemberton and Sweet (1910) extended
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their earlier observations and noted that the adrenalin-induced
depression was maintained although the systemic blood pressure
had fallen to normal or considerably below normal, due to a
dose of secretin. They thus stuck to their statement that the
inhibition of pancreatic flow seen after adrenalin is independ-
ent of the general systemic rise in blood pressure. However,
they did not deny thatjthis inhibition may have been caused by a
local change in blood pressure at the pancreas.
They suggested two alternatives in defense of such a
theory: (1) that the adrenalin injection so injured the pancrea-
tic tissue by vasoconstriction that no glandular activity was
possible even though the system as a whole had been altered by
secretion; (2) that although the general systemic blood pressure
had been lowered to its minimum by exciting secretin doses, on
the other hand, the pancreatic blood vessels were constricted
to their utmost and the local blood pressure concomitantly main-
tained at a high level. They also felt that Edmunds' results
with nicotine did not alter the possibility of a specificity of
adrenalin action, as the former was not found in the healthy
body.
In the same year these authors, (Sweet and Pemberton) also
reported that bilateral adrenalectomy resulted in a definite
stimulation of external pancreatic secretion. If this augmen-
tation after ablation could be definitely associated with a fall
in blood pressure it would seem to serve as supporting evidence
for Edmunds theory of adrenaline action, for it would seem log-
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ical that an opposite condition would elicit an opposite response.
However, in this experiment, evidence was shown that this was
not the case, for in their normal control dogs blood pressure
fell just as low and remained there as long or longer, but no
flow occurs.
In view of the fact that his original premise had seem-
ingly been repudiated by Pemberton and Sweet, Edmunds (1911)
again renewed his investigations. The results which he ob-
tained would seem to dispose finally of any objection which
could be raised against the explanation that the inhibition of
the pancreas by adrenalin was due to the vasoconstriction and
consequent anemia of the gland. He set forth the following
supporting evidence: (1) after injection of ergotoxin, a drug
which paralyzes the vasomotor nerves, adrenaline neither caused
glandular vasoconstriction nor inhibited it; (2) nicotine and
strychnine in their initial stimulating doses constricted the
pancreatic vessels and inhibited the secretion, but after the
paralytic stage appeared, these drugs neither diminished the
blood supply nor caused inhibition; and (3) other drugs which
increased the blood flow to the gland as shown by its increased
volume, had a tendency to increase the pancreatic flow.
Mann and McLachlin (1917) became interested in the action
of aarenalin on pancreatic secretion and their results, after
several experiments with dogs and cats, were practically the
same as those recorded by Edmunds. However, the work of the
latter had been carried on before a depressor action of adrena-
.5
» V
«
I •
.
.. .
'
• i
! .
'
t
'
w
.
'
- ' " ' •
•
’ 1
.
: ; ,
• d AOS
: Dt 1 ! t I be '«
-•2 231 a t ' . f 9 »9 Tr ~ 1
«
•
• •
'
-
77
line had been demonstrated and only large pressor doses of the
substance had been employed. Therefore, the purpose of this
work was to study the effect on the pancreatic flow of small
doses of adrenalin which would cause a depressor action on the
blood. They observed that even when adrenalin produced a de-
pressor action on blood pressure it still usually inhibited the
secretory action of the pancreas, and in no cases were they able
to demonstrate an increase in the rate of secretion. Further-
more, in some animals the pancreas was so sensitive to the
action of adrenalin that by slowly injecting a very weak solutio
they were able to record a decreased pancreatic flow without
affecting the general blood pressure.
Thus, due the fact that by varying the doses and rate of
injection of adrenalin, it was possible to elicit both pressor
and depressor action on circulation, but only a depression of
pancreatic activity, they concluded the adrenalin action was not
directly dependent on the general blood pressure of the body.
With the use of a plethysmograph applied to the pancreas they
found that in all cases, the pancreatic volume indicated a
decrease or that vasoconstriction had occurred. From these
results it seemed to them that the inhibitory action of adrenalin
depended on a reduction in the amount of blood passing through
the pancreas per unit of time.
In summary, it appears certain that small and large doses
of adrenalin cause an inhibition of external pancreatic secre-
tion. The mechanism of this action probably involves one, or a
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a combination, of the following: (1) a specific inhibition of
pancreatic cells; (2) changes in the general systemic blood
pressure and a subsequent anemia of the pancreas; or (3) a
local pancreatic vasoconstriction regardless of general blood
pressure variation and an ensuing reduction in the amount of
blood passing through the gland. In any event, the literature
indicates ajclose relationship between the actively secretory
pancreas and its blood supply,
4 . Bile secretion from hepati c c ells.
A review of the literature has revealed only a few scattered
reports concerning the possible effect of adrenalin on the flow
of bile from the liver, and thus it is not possible to draw any
definite conclusions in this respect,
Langley (1901), in the same set of experiments on cats pre-
viously mentioned, reported that when a cannula was tied in the
common bile duct and the connection with the gall bladder was
clamped, injection of his supra-renal extract resulted in an
increase in the rate of bile flow. This augmentation reached
a maximum in two to four minutes, and then slowly declined below
the original rate. In similar experiments on forty-six cats,
with cystic ducts ligated and cannualated common bile ducts,
Flexner and Wright (1939) observed that 0,01-0,02 mgm, of adren-
alin on several occasions caused a slight increase followed by a
secretory depression. However, as a rule, the only effect noted
was a definite decrease in liver secretion which he attributed to
sudden rise in arterial blood pressure.
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This inhibitory action of adrenalin was also seen by Downs
and Eddy (1919) after intravenously administering 0.1 cc. of a
1:1000 solution of adrenalin chloride per kilogram of body weight
to dogs* They recorded a decreased bile flow from the hepatic
cells during the first twenty minutes after injection and a
further drop during the second twenty-minute interval. Carrying
this work further, Downs (1920) observed that the decreased se-
cretion was quite marked during the period of high blood pressure
and thus suggested that the adrenalin-induced diminution was
explainable by a decrease of blood flow in the liver* Since
Burton-Cpitz (1912) had observed that injection of adrenalin into
the hepatic artery or portal vein exerted a local constricting
action and decreased the blood inflow. Downs felt it probable
i
that even when adrenalin was introduced through a more distant
vessel from the liver, the right external jugular vein in his
case, the same action would occur*
In their study of the effects of adrenalectomy on the
pancreatic secretion of dogs. Sweet and Pemberton (1910) had in-
troduced a cannula into the hepatic duct but observed no increase
in the output of bile, although the pancreas secreted actively.
This would seem to indicate that the adrenal glands, or at least
the adrenal medulla, played no role in normal bile secretion*
5 • Gastric motility*
Unlike investigations as to the effect of adrenalin on
gastric secretion, relatively little evidence has been recorded
concerning its action on stomach movements. However, the few
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authors who have undertaken this study seem to have arrived at
rather similar results. Thus it appears apparent that admini-
stration of adrenalin in rather large doses has an inhibitory
effect on gastric musculature, although it has been noted in
certain cases that small doses tend to increase the motility of
the stomach.
The earliest extensive experimentation in this field
probably dates back to 1905 and Elliott 's detailed experiments
on the action of adrenalin on the various organs of several
different animals. He reported that adrenalin Inhibited the
stomach motility of cats and rabbits as well as the activity
of the cardiac sphincter in rabbits. After a vast number of
similar experiments he observed that the action of any verte-
brate smooth muscle to adrenalin was the same in all cases as
that occurring following stimulation of the sympathetic visceral
nerves supplying that muscle.
In his studies on the modification of gastric function by
administration of various drugs, Bennett (1923) stated that
intravenous injection of adrenaline had no significant action
on gastric motility. However, as had Elliott, others were
able to elicit a motor response after administering this substanc
Tezner and Turolt (1921) found that it had an inhibitory effect
on the surviving human stomach kept in physiological saline
solution. The rontgenological observations of Dickson and
Wilson (1924) on thirteen normal men seem to be in accord with
this to some extent. They observed that subcutaneous injection
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of .5 cc. of adrenalin inhibited gastric peristalsis in three
out of eleven experiments, and in only one case was an apparent
accelaration noted. They suggested that possible discrepancies
may have been due to differences in individual rates of absorp-
tion. They did not test the effects of intravenous doses of
epinephrine*
This inhibitory action of adrenaline on stomach movement
was further observed by Chechulin and Pavlenko (1926), and by
Ginsburg and Tumpowsky (1918) on twelve dogs with gastric fist-
ulae. In the latter work, after both intravenous and subcut-
aneous doses of adrenalin, hunger contractions were notably
diminished for 1-2 hours, although after the hypodermic adminis-
tration the response was slower, and of shorter duration. Again
this might be attributable to the absorption factor. They
stated that such depression was as expected, because of epine-
phrine's property of stimulating the nerve endings of the
sympathetic system. In four experiments with denervated stomach
both vagi and splanchnics having been cut, inhibition also
occurred. This did not alter their hyppthesis' of a splanchnic
nerve ending site of action, however, for they emphasized that
these endings do not degenerate after nerve sectioning*
Studying the action potentials of the stomach, Bozler
(1945) noted that moderate to large amounts of adrenaline re-
duced the R-T interval of peristaltic contraction, indicating
a decrease in the duration of the active phase of each muscle
contraction. However, only very large Intravenous injections
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(0*02 mgm. per kilogra:m body weight) caused a temporary cessa-
tion of slowingt of the electrical activity of the stomach and
thus it would appear that the height of the potentials is not
closely related to the strength of the contractions as observed
visually*
As mentioned at the opening of this discussion, certain
authors have obtained opposite responses after different
quantities of epinephrine. Danielopolu (1930) found that intra-
venous injection of very small doses of adrenaline increased
gastric motility and in larger doses diminished
His conclusions were that larger doses had sLimuiaLea me
parasympathetic nerves while the lesser ones had their effect
by way of the sympathetic fibers
•
More recently Friedman (1936) and Anderson and Morris (1943)
noted responses very similar to the preceding, while experi-
menting on different mammalian subjects. Friedman’s investi-
gation concerned the effect of adrenaline hydrochloride on the
foetal cat, newborn cat and newborn dog. This compound had
predominantly an inhibitory action on both gastric tonus and
contractions, but in low concentrations it frequently raised
the muscle tone. The usual effect of adrenaline after acetyl-
choline was one of antagonism, but occasionally these two
drugs acted synergistically on the foetal stomach, a phenomenon
which does not occur in the stomachs of adult cats.
The subjects of the work of Anderson and Morris were six
healthy adults without evidence or history of gastric disorder.
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An intravenous adrenaline injection of 0.025 mgm. had no effect
on gastric motility in four subjects but caused a slight increase
in the frequency of contraction in two. Using a largsr dose of
0.005 mgm., a slight depressive effect was obtained in one
instance; while doses of 0.01 and 0.25 mgm. resulted in a more
marked sedative effect amounting on several occasions to
complete cessation of movements. As stated by these workers,
their results would seem to furnish slight but not unconvincing
support to the view of Danielopolu concerning an autonomic
involvement dependent on the dosage of adrenaline employed.
6 . Intestinal motility.
A great deal of work has been reported in regard to the
effect of adrenaline on the musculature of the intestinal tract.
The similarity in the results of these studies, done over a
period of fifty years on different groups of animals and with
different experimental techniques, indicates rather conclusively
that this adrenal medullary substance has a marked inhibitory
effect, pharmacologically, on the intestinal activity of mammals,
both isolated and in vivo .
I have been able to find no reports of investigations on
the effects of cortical extracts or steroids on gut movement,
other than that of Constantini (1937) who pointed out that the
extract had little influence on peristalsis.
In vivo experiments on epinephrine in relation tc motility
were underway as long ago as 1898 when Ott noted that injection
of suprarenal extract, caused the intestine to dilate. Boruttan
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(1899) observed that the movements of the rabbit’s intestines
are inhibited after intravenous administration of suprarenal
extract, while Langley (1901) reported similar depression in
both rabbits and cats.
The work of Elliott (1905) was fundamental in the old tonus
theory of adrenal medulla function. This view assumed that the
presence and action of adrenalin was essential for maintaining
normal vasomotor tone and the tone of all muscles innervated by
the thoracic fibers of the sympathetic nervous system. He
showed that adrenalin does not irritate the sympathetic nerve
cells with their fibers or the contractile muscle fibers, but
that the stimulation takes place at the Junction of the muscle
and the nerve, the myoneural Junction.
Elliott had used injections of adrenalin which exceeded
the concentration normally existing in the blood, and so to
investigate further the applicability of his observations to
normal conditions, Hoskins and McClure (1912) compared the
simultaneous effects of adrenalin upon blood pressure and
peristalsis in dogs. They obtained an intestinal depression
after smaller injections than were required to cause an increase
in blood pressure and therefore felt that adrenalin was not a
factor in maintaining vascular tonus for, if so, it would be
detrimental to essential intestinal functioning.
These findings were confirmed by Durant (1925) on both
dogs and cats. On the other hand, in rabbits, very small amount
of adrenalin chloride gave a minimal rise in blood pressure with
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no apparent intestinal effects and it was suggested that an
adrenalin-tonus mechanism could function in this animal. How-
ever, no evidence has since appeared in support of this hypo-
thesis and it appears that the normal secretion of the adrenal
medulla is not essential for the maintenance of vascular tone
and the tone of sympathetically innervated muscles. Thus
there is no evidence that there is a relationship between adren-
aline and intestinal motility in the normal body state.
More recent investigators, observing similar depression on
Intestinal activity after pharmacological doses of adrenalin,
have attempted to determine the mechanism of this action.
Youmans
,
Aumann and Haney (1939) made a study of the relation of
the various groups of the adrenalin molecule to this Intestine
depressing function, and observed that all the compounds em-
ployed inhibited the rhythmic contractions and decreased the
tonus of either innervated or denervated intestines of unanaes-
thetized dogs. In no cases was an increase in motility noted
during injection although hypermotility commonly occurred dur-
ing the recovery phase following the end of the administration.
They suggested a possible interpretation of their data based
on the view that the compounds inhibit by direct action on the
smooth muscle of the intestinal wall.
Several facts indicated that the reduced blood supply re-
sulting from vasoconstriction was not the factor responsible for
these experimental results: (1) Bayliss and Starling (1899) had
indicated that marked Ischemia obtained by obstructing the aorta
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required at least eight seconds before producing inhibitory
effects; while, in this experiment, ischemia following intraven-
ous adrenaline injection did not begin to develop for at least
twelve seconds. Therefore, even if maximal, ischemia could not
be a factor until at least twenty seconds after the beginning
of the injection and yet it was observed within twelve to
fifteen seconds. (2) Some of the compounds inhibited the intes-
tine when injection rates were below the threshold for blood
pressure effects. (3) Plethysmograph records showed that
intestinal motility remained depressed even in cases where the
intestine had become hyperemic. (4) One of the best vasocon-
strictors of this group of compounds was seen to be one of the
poorest inhibitors. These four observations serve as definite
indication that anemia resulting from vasoconstriction is of
little importance in the adrenaline-induced depression of
intestinal motility.
Additional evidence against such a relationship is afforded
by the results of Dragstedt and Huffman (1926) who simultaneous-
ly recorded intestinal motility and blood pressure changes in
dogs after intravenous doses of epinephrine. In all cases they
evidenced rises in blood pressure in the absence of Intestinal
inhibition.
Studying the gut-depressing effect of intravenous injec-
tions of epinephrine in rabbits, Fukuhara (1939) concluded that
this hormone has a primary central action in the mid-brain.
After ligation of the superior mesenteric artery, a rapid but
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transient inhibition of the small intestine still occurred;
while, on the other hand, this action was prevented by section-
ing the spinal cord between the first and second thoracic verte-
brae or by cutting both the splanchnic nerves* In further
support of this adrenaline-mid-brain mechanism, he noted that
cutting between the mid-brain and medulla stopped the effect,
t
but sec.ioning between the fore- and raid-brain displayed was of
no consequence on the intestinal action.
The clear-cut results of Youmans (1938) seem to be in
direct conflict with this central nervous system site of action.
His investigations on the sensitivity to adrenaline of denervated
jejunal Thiry Fistulae in dogs revealed that inhibition occurred
in all such preparations. For example, 0.00014 mgm. of adrenalin
per kilogram of body weight of one dog, injected at a constant
rate, was sufficient to cause a forty second period of complete
cessation of motility beginning within twenty-seven seconds after
the beginning of injection. He further noted that a denervated
Thiry fistula was much more sensitive to adrenalin than was an
innervated one of the same dog. It is possible, however, that
this obvious disagreement with Fukuhara is attributable to the
different species of animal employed since it is well known that
the intestines of rabbits differ in many respects from those of
dogs and cats.
Bozler (1940) also noted that adrenaline had a purely in-
hibitory action on the musculature of the small intestine. In-
jection never decreased the frequency of movements, provided
doses were not so high as to
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diminished the number of impulses discharged during each con-
traction and consequently the amplitude of the movements. He
explained this as being due to the lowering of the average level
of excitability of the muscle, which cuts short each burst of
-
impulses sooner than would normally occur.
It should be mentioned that there are a few reports of in
vivo experiments in which the epinephrine-caused depression
was not as pronounced as observed in the foregoing papers. Holt,
Lyons, Neligh, Moe and Hodges (194-7) reported that adrenaline
.
produced some inhibition in the movements of small intestinal
mucosal folds, but, even in large doses it had no appreciable
effect on the regular movements of the mucosa as a whole. In
studies involving the colon of dogs, Wolff (1939) intravenously
injected doses of 0.1-0. 2 cc. of a 1:1000 epinephrine solution
and were able to observe only a very brief and temporary relax-
ation and inhibition of motility. The quiescent condition per-
sisted for thirty to one-hundped-twenty seconds after^which
movements returned to normal. Subcutaneous administration in
dosee up to 0.5 cc. of a 1:1000 solution resulted in no responses
at all in five different experiments.
Analagous with the condition previously pointed out in the
discussion of gastric motility, cases have been reported where
the adrenaline action on intestinal movements is dependent on
the size of the dosage employed. Cox (1942) mentioned, as most
of the above, that largerjioses of adrenalin inhibit peristalsis;
however, minute doses wepe said to stimulate this activity.
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This view would appear to receive support from the earlier
work of Hartman and McPhedran (1917). In all of their experi-
ments on dogs and cats, these workers noted that small adrenalin
doses caused only constriction of intestinal loops, but that as
the quantity of the administration was increased, a prolonged and
definite dilation resulted. They carried their work further in
an attempt to decide upon the mechanism of their dilator effect.
In various animals they severed the connection between the
Intestinal loop and the central nervous system by dissecting and
removing the two coeliac ganglia and the superior mesenteric
ganglion, or by sectioning the splanchnic nerves. After these
operations they always observed that the dilation was a prelimin*
ary constriction followed by a dilation now elicted merely a
simple constriction. Consequently they concluded that this di-
lation was under the control of the central nervous system.
Although all of the work presented up to this point has been
observed by various techniques in living animal bodies, several
nvestigators have made use of isolated, excised Intestinal seg-
ents to study the physiological action of adrenaline. These in
itro experiments in all cases have revealed an inhibition or
elaxation of the smooth muscles involved.
Magnus (1905) readily observed that suprarenal extract had
n Inhibitory action on the Isolated intestine, and similar re-
ults were later reported by Young (1915). The latter, intra-
enously injecting a 1:200,000 solution of a medullary preparatio
nown as hemislne, obtained a diminution of movement and usually
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a lowering of the Intestinal tone as well. He made a distinction
between this situation and the inhibition ensuing after electri-
cal stimulation of the splanchnic nerves. Depression following
Injection of the preparation was found to persist as long as any
of the active substance was present; but splanchnic stimulation
was soon followed by exhaustion of the peripheral inhibitory
mechanism, motility returned and these movements were than un-
changed by further nerve excitation. This distinction would seem
to stand in favor of adrenaline's direct action on the smooth
muscle, rather than by a nervous mediation.
Others have found epinephrine to have such a constant and
marked effect on intestinal segments that they have utilized
this action as a biological assay procedure. Cannon and de la
Paz (1911) used isolated segments to detect the presence of
adrenaline in the blood as they had observed that there were very
few substances in the blood which cause relaxation of smooth
muscle. Additional advantages for using such segments as biol-
ogic tests for epinephrine were offered by Hoskins (1911), using
segments of rabbit intestine three to four cm. long removed
from the animals and placed in warm oxygenated Ringer's solution!
He noted such preparations responded to a number of different
applications of the extract and thus could be used with greater
certainty in quantitative work; and also that such preparations
were better than other methods as the tissue was under less
manipulative violence and thus in a much more sensitive condition.
Suckow and Burget (1929) studied the response of in vitro
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duodenal, jejunal and ileal segments of the rabbit to adrenalin
at different levels of the hydrogen ion concentration of the
bath of Locke’s solution. Their work led them to the belief
that an optimum pH for the depressant action of adrenalin on
such tissues existed at about 7*8* In similar work they found
that decrease in the amplitude of rhythmic contractions of
colonic segments after a minimal dose of adrenalin was best
displayed at a value of about 7*3*
Although no differences in the responses of the segments
from different levels of the intestine were reported by the
preceding workers, some experimentors have maintained that such
differences do exist. Bernheim (19 34) found that in isolated
mouse and rat intestines the upper jejunum was less sensitive
than the ileum to epinephrine. However, in dogs, cats and
rabbits he was unable to observe any differences in the reaction
of the upper and lower parts of the gut. Chang and Hsu (1942)
investigated the relative excitability to chemical stimuli of
the logitudinal muscle of the isolated rabbit intestine, taken
from different levels, and reported the ileal muscle to be more
sensitive to adrenaline. As far as the rabbit is concerned, it
is obvious that these two reports are not in agreement. However
this work poses a new question and by further experimentation
it would be interesting to determine whether a gradiant theory
as described by Alvarez (1928) for rhythmlclty in the intestine,
can be applied to this inhibition of Intestinal motility after
adrenaline
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Aside from studies of the musculature of intestinal wall
proper, the intestinal sphincters, especially the ileo-colic or
ileo-caecal sphincter* Since it has been shown that the effects
of adrenaline are similar to those of sympathetic stimulation,
that fact that these fibers to the sphincter muscles are excita-
tory, and thus opposite to those innervating the gut wall, would
lead one to expect that adrenaline would have a different effect
on such tissues. This supportion is not entirely substantiated
by the literature.
A 8 early as 1904, Elliott observed that adrenalin caused a
closing of the ileo-colic sphincter in the cat. Studying the
innervation and control of the ileo-caecal sphincter of the
dog, Hinrichsen and Ivy (1931) also found that adrenalin re-
sulted in sphincter contraction. These results are as would be
expected in view of the sphincter innervation.
On the other hand, White, Rainey, Monoghan, and Harris
(1934) were never able to obtain a motor response to adrenalin
injection in unanesthetized human subjects. In seven experi-
ments they noted that seven to eight minutes after the sub-
cutaneous injection of 0.03-0.6 mgm. of adrenalin chloride,
followed by massage of the site of injection, there was a
cessation of rhythmic activity and loss of tone in the ileo-
caecal sphincter. They suggested the involvement of a possible
vasoconstrictor action as the inhibition was usually first seen
only after a moderate rise in blood pressure.
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In regard to the internal anal sphincter, Learmonth and
Markowitz (1929) found that the intravenous injection of 0.02
cc. of a 1:1000 adrenalin solution per kilogram of body weight,
diluted with 5*0 cc. of water, caused a marked contraction of
this sphincter after a latent period of from fifteen to thirty-
five seconds. This response was so variable, however, that they
used it in all their work at the beginning and the end of each
experiment to test the working order of their recording apparatus.
In summary, it can be said that there is no evidence of a
physiological relationship existing between adrenaline and
intestinal motility in the normal body. Pharmacologically,
adrenaline injection in most reports has been found to produce
an inhibition of intestinal musculature. Two main schools of
thought exist as to the mechanism of this depression: (1)
Inhibition by direct actibn on the smooth muscle of the in-
testinal wall. (2) Primary central action on the raid-brain
with the ensuing mediation of inhibitory sympathetic fibers.
Rather conclusive evidence has been presented that the anemic
condition resulting from vasoconstriction is not the causative
factor in this case. In vitro experiments with isolated
intestinal segments also reveal adrenaline inhibition. There
is not enough evidence at hand to draw conclusions regarding
the effect of adrenaline on intestinal sphincters.
7 • G-all blad de r motili ty.
The literature reveals a wide variety of opinion concern-
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of the gall bladder, both isolated and in situ. As before,
practically all reference to this subject involves the medullary
substance, adrenaline.
Only Halpert and Lewis ( 1930 ) gave any consideration to
the adrenal cortex in this respect. They anaesthetized dogs
with ether, removed their entire gall bladders and mounted them
in an oxygenated bath of 250 cc. of Locke's solution kept at
body temperature. When 5 cc. of Koehler's cortical extract
were added to the bath, no effect on the spontaneous movements
of the preparation was observed.
Epinephrine has been noted as causing contraction, relax-
ation, or as having no effect on the gall bladder when isolated
or tn situ
.
Lieb and McWorter (1915) were among the first to study the
reactions of excised longitudinal and circular strips of the
isolated gall bladder. He used a dog's gall bladder which was
suspended in Ringer's solution at body temperature and noted
that epinephrine caused a loss of tonus with some decrease in
the rate of spontaneous rhythmic contractions. An identical
procedure was employed by Ischiyaraa (1925), also with dogs, and
in addition, he sometimes freed his strips of mucosa and sub-
mucosa. He likewise found that adrenaline resulted in a loss
of tonus and cessation of spontaneous movements, but in some
cases both were augmented.
Reports of work done on the isolated whole gall bladder are
also confusing. Erbsen and Damm (1927) studied the reactions
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of the guinea pig’s isolated whole gall bladder suspended length-
wise or crosswise in an oxygenated Tyrode s solution kept at
body temperature. His observations revealed that adrenaline
relaxed the tonus of such a preparation. Kalk (1929) repeated
this work and further noted that the contraction of this isolated
guinea pig gall bladder caused by pilocarpine was relaxed
uniformly by adrenaline.
In the dogs of Halpert and Lewis, described above, adminis-
tration of 2 cc. of a 1:1000 epinephrine solution added to the
Locke’s solution bath, produced in one instance a decrease in
tone, had no effect on rhythmic contractions. Inversely, at
another time, 3 cc. of a similar solution had no effect on the
muscular tone of the gall bladder, but decreased its rhythmic
contractions. Also working with the dog’s isolated gall bladder,
Chiray and Pavel (1926) found that usually adrenaline had no
effect, but in a few preparations they noticed an inhibition of
the spontaneous rhythmic activity.
The work of Higgins, Deissler and Mann (1935) involved a
repetition of the investigations described in the preceding two
paragraphs, as they used the isolated whole gall bladders of
both adult guinea pigs and dogs in their studies. When adren-
line in a concentration of 1:500,000 was added to the bath of
Tyrode's solution they recorded a complete cessation of muscle
tone and contractions. As did Kalk, these workers also noted
that during pilocarpine induced contractions, adrenaline brought
about a prompt relaxation of the gall bladder. However, this
effect was not observed with the dog preparations.
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Turning to experimentation regarding the gall bladder in
situ, conflicting reports are more manifest. Winkelstein and
Aschner (1926) reported that subcutaneous administration of
adrenaline lowered the tone of the gall bladder wall of fasting
dogs, while Westphal (1923) reported that epinephrine causes
only relaxation of the rabbit’s gall bladder in ^_tu* Burget
(1927) was unable to obtain any constant effect after intraven-
ous injections of this substance in dogs.
Voegtlin and Ivy (1934) felt that previous conflicting
results were mainly due to inadequate control of certain ex-
trinsic factors which, aside from the physiological state and
response of the intrinsic musculature, may cause an apparent
contraction or relaxation of the gall bladder. These factors
included: changes in liver volume, increased gastric of duodenal
activity, changes in intra-abdominal pressure, increase or
decrease in the tone of the abdominal muscles or of the dia-
phragm, and variation in the depth of anesthesia. In his studies
fasted dogs were barbitalized and these factors were eliminated
or controlled. Even following the intravenous injection of as
much as 1 cc. of a 1:1000 adrenaline solution, no constant effecjt
was observed, although in two instances a slight relaxation
occurred
.
Other papers indicate an augmentation of the gall bladder
in situ after doses of epinephrine. Bainbridge and Dale (1905)
noted a marked Increase of contraction occurring in the dog *s
gall bladder after direct application of a 1:1000 solution.
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and Wilson (1925) reported a triphasic response in a similar
situation.
It is difficult to arrive at any definite conclusion from
a study of these reports because of the number of different
techniques and species employed* However, as a rule, the
deviation in the activity of the gall bladder in response to
adrenaline is one of diminution.
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VI. THE RELATION OF PITUITARY SUBSTANCES TO ALIMENTARY
MOTILITY AND SECRETION
. Salivary secretion.
As also brought out in regard to previous endocrines,
there is no evidence of a normal relation between the pituitary
glands and salivary secretion. From a study of the very few
investigations reported it seems that doses of pituitrin
administered intravenously, result in a decrease in salivary
flow; while intraventricular injection brings on a marked
increase in glandular activity.
Schafer and Herring (1909) found that posterior pituitary
extract failed to cause a secretion of saliva; and likewise,
Dale (1909), injecting a 5 per cent decoction of the fresh
posterior lobes of ox pitultaries into anesthetized dogs, failed
to note a salivary flow. In 1913 » Frankl-Hochwart and Frollch
had stated that pituitary extract had no influence on the
tympanic nerve nor on any of the secretory nerves to the salivary
glands. However, Solem and Lommen (1915) found that pituitrin,
the extract of the posterior lobe of the pituitary, had a
definite influence upon the secretion of saliva, and they set
out to determine how this effect was brought about*
Using the submaxillary glands of anaesthetized dogs, they
isolated Wharton’s duct on the left side and inserted a glass
cannula into it. Injections of pituitrin into the femoral vein
constantly caused a marked decrease in the flow of saliva. The
average slowing of saliva was 82.4 per cent in forty-seven
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injections, and of these, in only thirteen was the slowing less
than seventy-five per cent. In addition, in many cases saliva-
tion ceased altogether.
His next step was to attempt to find if this inhibition
was caused by vascular changes in the organ, by a specific
action on the submaxillary cells, by action on the secretory
nerves, or by a combination of these. He stated that a mere
decrease in the blood supply as caused by vasoconstriction would
not be sufficient to cause an Immediate cessation of salivary
flow since Mathews (1901) had already noted that saliva would
flow for almost a minute after the blood supply to the glands
were shut off.
He averaged the results obtained on the administration of
pituitrin along with the stimulation of the tympanic nerve and
injection of pilocarpine, adrenalin, and of the ergot prepara-
tion, chrysotoxin. These four, by themselves, were known to
stimulate salivary secretion. After several of the investiga-
tions he was not able to definitely pin the pituitrin action
down to a single mechanism. He concluded that the pituitrin
diminished salivary flow was due: (1) to an inhibition of the
action of the secretory nerves to the gland; (2) in part to an
accompanying vasoconstriction caused by the direct action of
pituitrin on the arteriole smooth muscle or on the peripheral
nerve endings; but more probably, (3) to the effect on both.
Similar results were obtained by Cushing (1932) who ob-
served that intravenous or intramuscular injections of pitui-
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trin caused a depression of salivary secretion as indicated by
a dryness of the mouth. However, Crotti (1934) reported that
when injected into the lateral ventricle of the brain pituitrin
caused a marked salivation. His conclusion was that this action
was brought about by diffusion of the pituitrin through the
ependymal lining of the third ventricle and a subsequent stimu-
lation of the parasympathetic centers in the subthalamic region.
He was not able to explain the totally different reactions which
had been observed when pituitrin was applied intravenously or
intramuscularly
.
Further investigations, repeating some of this earlier
work, might reveal why the same substance administered by dif-
ferent methods should produce such opposite effects.
2. Gastric secretion.
A careful study of the literature relating the hypophysis
and its extracts to gastric secretory activity has revealed
little cause to believe that the pituitary glands play a role
in normal gastric secretion. Ivy (1930) and Colllp (1938) have
dogmatically stated that such a relationship does not exist,
while conflicting reports of the changes in gastric secretory
volume and acidity following hypophysectomy further make such
a relation seem improbable.
The vast majority of the work with pituitary extracts has
been with those of the posterior lobe or neurohypophysis.
Without exception administration of pituitrin has been found
to inhibit gastric secretion. Pal (1916) and Rogers et al (1916)
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appear to have been among the first to demonstrate this fact.
In their work, this posterior pituitary extract markedly de-
pressed the activity of the glands of the stomach. Rogers and
by the mediation of autonomic impulses* Similar observations
were confirmed by the experimentation of Hess and Gundlach (1920),
Hoffman (1921), Elkeles (1926) and De Anciaes (1926) with both
huipan and animal subjects.
These early reports receive full support from the work of
more recent investigators. Rossiisky, Kantorovitch, Karraasine
and Jouravel (1936) in their experimental work on dogs, noted
that paterenteral administration of 0.03-0*5 mgm. of posterior
pituitary extract per kilogram of body weight, stopped the gas-
tric secretion and diminished the acidity in proportion. The
same year, Cutting, Dodds, Noble and Williams (1937a) observed
in cats that administration of pituitrin caused a decrease in the
volume of gastric secretion, although the acidity was not changed*
Two of these workers, Dodds and Noble (1937 )> attempted to
observe what effect this neurohypophyseal extract would have on
gastric secretion of cats and rabbits induced by such substances
as histamine and insulin. They found that intravenous adminis-
tration of 2 cc. per kilogram of body weight of pituitrin fif-
teen minutes before histamine caused cessation of gastric secre-
tion in three hours; while histamine alone in control animals
elicited forty-five cc. of gastric juice during this period.
This was verified in dogs by Metz and Lackey (1937 )» who found
I
his associates believed that this pharmacologic inhibition
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that moderately large amounts of pltuitrin entirely prevented
the secretory stimulation after doses of histamine*
Similar results were obtained by Dodds and Noble when
insulin was substituted for the histamine. Furthermore, they
showed in controls that the degree of hypolglycemia produced by
insulin after pituitrin was sufficient to cause a gastric secre-
tion in normal animals. Thus the antagonistic effect of these
substances on the blood sugar level was not the mechanism
involved in this inhibition. In their work the principal effect
was on the volume of gastric Juice, although in some cases a
temporary condition of achlorhydria was induced.
In addition to its depressant effect on the gastric
secretory functions, the extract of the posterior pituitary
body has been observed to produce severe lesion and ulceration
of the acid-bearing areas of the stomach. Dodds, Noble and
Smith (1934) and Dodds, Hills, Noble and Williams (1935) made
these observations in rabbits using a commercial extract of
the posterior lobe (B.P. pituitary extract), which had been
standardized for the oxytocic and vasopressive principles.
Their results showed that these effect* were produced by sub-
cutaneous or oral administration of the pressor principle, but
that even large doses of the oxytocic factor were ineffective
in this respect. These results were also successfully attained
by Dodds, Noble, Scarff and Williams (1937 )> using monkeys,
dogs, cats, guinea pigs, rats and mice.
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I find little mention of the specific use of anterior
pituitary extracts in testing the pharmacologic effects of
hypophyseal preparations on gastric secretion. Rossiisky and
his associates (1936) reported that anterior pituitary prepar-
ation ( "hypophysolysat " ) had an action, in doge, similar to
that of the pituitrin preparation, but that the secretory inhi-
bition was not as distinctly pronounced. In studies on fasting
men, Felson and Schiff (1939) subcutaneously injected doses of
1 cc. of the anterior-pituitary like hormone "Antuitrin-3"
,
daily,
in the upper arms of seven individuals. After a total of thirty-
two to fifty injections on each subject they were unable to
report any constant effect in the volume and acidity of gastric
Juice as obtained in a one hour period after subcutaneous
histamine injection. Only in one of the seven cases did he note
a slight lowering of these values. Similarly, Winkelstein (1936)
obtained no constant effect on the gastric secretion of dogs
after the administration of anterior pituitary-like hormone.
Unlike the pharmacological studies discussed above, reports
concerning an absence of pituitary substances in the body, as
Induced by experimental extirpation or pituitary disease, have
described conflicting results; under such conditions, the volume
and acidity of gastric Juice have been noted to increase, decrease
or remain unchanged.
Metz and Lackey (1940 and 1943) mentioned that there was
a definite increase in both the volume and free acidity of
gastric juice after the posterior pituitary lobes had been
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removed from dogs. They thus felt that the posterior pituitary
played a role in gastric secretion and acidity. Some support
was offered to these results by Blotner (1940), who found an
increase in the volume and acidity of the gastric juice collected
from patients suffering from diabetes insipidus, where there was
a lack of posterior lobe secretion.
The work of Crafts and Walker (1947) was primarily concerned
with changes in the acidity of gastric secretion after hypophy-
sectomy in adult female rats. They carefully examined gastric
samples obtained from these animals at thirty minute intervals
after the operation and their observations were closely compared
with normal control animals. These investigators then concluded
that the ablation caused a decrease in the volume of gastric
secretion, but that the acidity of the juice was not effected.
Cutting, Dodds, Noble and Williams (1937b) reported a
decrease in gastric acidity at all times in hypophysectomized
cats. However, they observed an uncorrelated effect on the
volume of secretion, for while it decreased in some cases, often
an increased secretory output was noted. Removal of the anterior
lobe of the pituitary, alone, did not elicit these changes, and
they therefore concluded that the diminished acidity in their
work was the result of the loss of the posterior lobe.
Gross and Ingram (1942) did further experimentation on this
subject, studying the secretion of Pavlov-pouch dogs in response
to food and histamine, before and after pituitary stalk sectioning
at a high level. Such an operation was known to result in atroph
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and practically complete loss of function of the posterior lobe,
with, as a rule, minimal effect on the anterior hypophysis.
They observed that the total volume of secretions, both after
food and after histamine, was markedly diminished after the
second twenty-minute collection period. However, from the
similarity in the pH and total acidity readings before and after
stalk sectioning, they were able to note no significant varia-
tion in the free acidity.
Although the injection of pitressin tannate into normal
Favlov-pouch dogs, had caused no change in either volume or
acidity, after the operation, 1 cc. of this drug tended to raise
the volume of juice towards the level of the pre-stalk section
period. In an attempt to determine whether the decrease in
volume after the operation had been due to a deficiency in
pituitary substance in the body or merely due to the dehydration
known to occur, they subcutaneously injected sterile tap water
into their dogs. This caused an increase in juice volume to
just below the normal secretion but greatly above the post-
operative condition. Autopsies were performed on these dogs
and careful examination of the gastric mucoa revealed no signs
of any ulceration having taken place. From these observations
they concluded that the diminished volume had probably been
the result of the water lose occurring in these polyuric doge
and that there was no indication that the posterior pituitary
was involved in normal stomach secretion.
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Assuming their results to be accurate, Gross and Ingram
attempted to explain the conflicting reports of some of the
previous workers in terms of their own work. Regarding the
increased secretory observations of Metz and Lackey (1940),
it was mentioned that no indication had been given as to whether
diabetes insipidus had developed following neurohypophysectoray
,
and so possibly complete removal of that lobe had not been
attained in those dogs. As for Blotner’s reports of secretory
augmentation in human patients suffering from diabetes insipidus
Gross and Ingram suggested that there may be a species difference,
or an alteration in stomach emptying time or, perhaps, psychic
conditions, which cause the effects noted in these cases*
Finally, while they had been unable to note a change in secretory
volume or acidity after a slow injection of pitressin tannate,
they thought it quite possible that the inhibitory results
obtained by others after administration o? large doses of pitu-
itrin, were due to major disturbances in the blood supply to the
stomach
.
Until additional study is made of these various reports
and reinvestigation carrieS^in an attempt to establish definitely
the reason behind the different observations, only two things
can be safely concluded from a review of this literature: (1)
administration of pituitrln in normal human and animal subjects
causes an inhibition of the gastric secretory mechanism; and (?)
there is no conclusive evidence that the pituitary gland has a
role in the normal secretory mechanism of the stomach.
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3 • c. se cret! on^
Little has been done to determine what effect, if any, the
pituitary gland or its extracts have on external pancreatic
secretion. I have been able to find only one extensive investi-
gation in this respect, although Schafer and Herring (1906) and
Dale (1909) did mention that the injection of posterior pituitary
extract failed to elicit a secretion of pancreatic juice in their
experiments* A more thorough study was made in the work of
Femberton and Sweet (1908 and 1910). Since this experimentation
was done approximately forty years ago, it is obvious that the
results and conclusions reported therein can in no way be
considered as terminative.
They were concerned with the effects on pancreatic activity
caused by extracts of the adrenal and pituitary bodies* I have
already discussed in some detail their results and conclusions
in regards to the former. In quick review, they found that
intravenous injection of 3 cc. of adrenalin chloride into dogs
caused a marked diminution of the flow of pancreatic juice in
response to secretin. This action was seen to be independent of
the general systemic blood pressure and they claimed a certain
amount of specificity to be Involved.
Becoming concerned with the effect of pituitary substances,
they prepared their own extract from the nervous portion or
posterior pituitary. This portion of the gland, which they
described as "a small, white globule about the size of a grape
seed,” was crushed to produce a glue-like substance which was
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rubbed into paste and 30 cc. of normal salt solution added*
After a 3 cc. intravenous injection of this preparation the
external pancreatic flow was observed to diminish immediately
and often was stopped completely. They noted that the blood
pressure rise in this case was less than that noted after an
dqual dose of the adrenal extract; but, on the other hand, the
inhibitory action on the pancreatic secretion after pituitary
substance was more marked.
A similar preparation from the epithelial portion or
anterior pituitary was also injected into a normal dog. However*
they were unable to note any effect on either blood pressure or
pancreatic flow in this case. Furthermore, they stated that
the inhibition after the nervous extract was not due to the
nervous tissue of that portion of the gland, as injection of
extracts of brain tissue were found to exhibit no change in the
secretion of pancreatic juice.
As they had with adrenalin chloride, they reported that
the inhibitory factor of the pituitary extract disappeared by
some means while the blood pressure was still elevated. Thus,
once again, their conclusion was that the extract produced its
effect by a specific action on the pancreatic tissue. The work
of Edmunds, who strongly contradicted this view was not extended,
to check these pituitary results, and consequently no repudia-
tion of the observatiohs and conclusions reviewed here can be
presented at this time.
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4 . Bile secretion from hepatic cells.
As was the case In the preceding discussion, only one
report has come to my attention which relates pituitary sub-
stance and biliary secretion. However, the present work is of
considerably more recent origin.
In 1940, Houchin and Turner made an investigation of the
bile production in adult female guinea pigs having cannulated
gall bladder ducts, before and after the injection of anterior
pituitary extract. Before this administration, they reported
that the normal hourly rate of bile production averaged 2.94 cc.
After injecting 25 mg. of "anterior pituitary initial extract"
they noted a marked increase in bile secretion measured six
hours later. The fact that this effect was of considerable
duration was indicated by the fact that this augmentation was
observed even as early as four and as late as eight hours after
the extract dosage. The average bile secretion from thirteen
test animals was 5*45 cc. or an increase of about 85 per cent
over the pre-experimental production.
In reference to a possible mechanism for this secretory
acceleration, they suggested that possibly due to the increased
liver function after the extract had been injected, the blood
supply had been increased, and this, in turn had caused the
augmented bile production.
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5 . Gastric motility.
According to Colllp (1938) the pituitary hormones are not
essential for the normal functioning of the gastric musculature.
He felt that this was shown by that fact that hypophysectomy
fails to produce any well-defined changes in this respect.
This supposition was afforded support by the results of
Morrison and Feldman (1940). They reported that x-ray studies
revealed no changes in the gastric motility of dogs following
pituitary extirpation. In addition, they noted that the
injection of 40 cc. of anterior pituitary extract also had no
effect on the stomach movements of either normal or hypophysect-
omized animals.
The remaining literature on this particular aspect of
pituitary activity is primarily concerned with the pharmacologic
effects of doses of the posterior lobe extract. Once again there
are several indications of conflicting opinions. However, in
accordance with the majority of such investigations, I feel that
it is safe to say that this action is dominantly inhibitory.
A few early reports were concerned with this problem in
frogs. Waddell (1916) performed related research on the effect
of commercial pituitary extract on the isolated esophagus of
this amphibian. He observed that this substance added to the
bath caused a decided depression of the tone frequency and
amplitude of both the circular and the longitudlna^musculature
of such preparations, and in addition, that this inhibition was
more marked at the gastric end than at the pharyngeal. These
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findings were corroborated by those of Parisot and Mathien (1919
)
and Galan (1921), who used commercial preparations on the frog's
stomach* However, in some of his experiments, Galan employed
fresh pituitary preparations and noted a contraction of the
gastric musculature, and consequently, he attributed the in-
stances of depression to the chloretone present in the commer-
cial preparations.
Investigations on higher animals and man, clearly reveal
the conflicting nature of such studies up to the present time.
Geiling (1926) reported that fresh pituitary extracts, free
from preservatives, always caused contractions of gastric
musculature both in isolated strips and in situ . Administra-
tion of posterior lobe extracts in man, were observed by Zanasi
(1934-) to increase gastric motility.
On the other hand, Quigley, Highs tone and Ivy (1934)
mentioned some unpublished records of Einsel and Quigley, who
had used the balloon method in man and noted that intramusculer
injections of the same extract increased gastric movement in
only two of these cases.
Two early papers obtained similar diphasic responses to
pituitary extract. Pancoast and Hopkins (1917) used roentgen-
ograms and roentgenoscoplc examinations to study the action of
pituitrin upon the gastrointestinal tract of man. They observed
that in the stomach this extract had an initial inhibitory action
upon peristalsis or motility or both. This was followed by an
increase in both these aspects of muscular activity. Further-
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more, they reported that the same effect was obtained after
repeated doses. The pyloric sphincter was rarely Influenced In
these experiments and, if so, the effect was said to be variables
Comparable results were attained by Dickson and Wilson (1928)
by means of f luc^bscopic observations on one healthy young man,
after the administration of pituitary extract. On this instance,
peristalsis was first depressed and later elevated above normal.
He suggested that the inhibition of gastric peristalsis was due
to impulses from the large intestine, as the latter was noted
to be effected more markedly by the dosage*
Finally, there are those results which denote a decided
depressant action for posterior lobe preparations* Such
observations are clearly exemplified by the report of Quigley
and Barnes (1930) in respect to several pituitrln preparations*
These workers noted that pituitrln, oxytocin, vasopressin,
vasopressin-oxytocin or infundin, each brought about a sudden
inhibition of gastric tone and motility, which became complete
fifteen to twenty seconds after adminis tratlota. Utilizing the
triple balloon method, they found that all these portions of the
stomach were inhibited in a similar manner. Slight variations in
certain instances were attributed to individual differences in
the susceptibility of the cardiac, mid and pyloric regions.
They likewise found that these substances inhibited the
gastric hypermobility caused by a previous injection of insulin
and the ensuing hypoglycemia. Since the compounds exerted their
depressant effect before the blood sugar level was altered,
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these investigators concluded that, in this particular s
the inhibition was initially due to a paralysis of the stomach's
motor mechanism, with an overcoming of the hypoglycemia coming
into play at a later phase.
Substantiating the work of the above, Cushing (1932),
using the x-ray method of observation, found that intramuscular
pituitrin injections in humans resulted in cessation of gastric
motility; while Berg (1942) noted diminution of gastric
peristalsis after pitressin administration.
The fact that posterior lobe extracts have been used
clinically to depress hyperactive gastric phenomena, would
appear to me to be additional evidence in favor of the inhib-
itory school of thought in respect to the action of such
preparations. That this is true, is Indicated by the report
of Metz and Lackey (1943), who treated peptic ulcer patients
with the aid of posterior pituitary extract. They indicated
that this chemical quickly reduced hyperperistalsis and hyper-
motility, characteristic abnormalities of this disease.
Thus, while it is highly likely that the relation of
posterior pituitary preparations, at least to gastric motor
phenomena is one of inhibition, it is apparent that additional
experimental work is needed to reaffirm this view, and to
further investigate the mechanism involved in this depression.
6 • Intestinal motility .
More papers have been written on the relation of pituitary
extracts (primarily the posterior lobe) to intestinal tone and
ituation.
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motility than on any other aspect of the endocrine system
discussed herein* Furthermore, an analysis of this vast lltera-
ture has revealed more Incongruous data than in any previous
discussion*
Before attempting to review these reports it might be well
to consider a few of the factors which have been suggested by
various authors as reasons for the evident inconsistencies in
this field. These include ::(l) variations in the intestinal
reactions of different animal species; (2) differences in the
extracts employed; (3) the presence of preservatives and other
foreign substances in the extracts; (4) differences in the type
of intestinal preparation, that is, in vivo or in vitro ; (5)
the influence of anesthetics; (6) variations in the dosage of
extracts; (7) differences in the methods of observation used;
(8) variations in the susceptibility of different segments of
the intestine to the extracts; (9) improper preparations of
the extracts whereby the active principle or principles are
destroyed; (10) differences in the pH of the bath after addition
of acid extracts, in cases of in vitro studies; (11) variations
in the method of administering the extracts in vivo ; (12) dev-
iations in the condition of the tone of the intestine before
the extract is added; (13) variations in sensitivity caused by
improper operative procedure and excess manipulation of the
loops or segments; (14) changes due to physiologic disturbances
involving the respiratory and circulatory systems; (15) indiv-
idual variations in size and age among animals of one species;
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(16) differences in the age of the preparations; ( 17 ) the in-
fluence of fatigue, emotion; and other psychic factors; and (18)
absorption of the preparations by various tissues of the body.
In view of the fact that often several of these factors
may be involved in any given investigation, it is rather
difficult, in fact impossible, to attempt to justify or refute
one or more reports on the basis of others. Therefore, in the
review to follow, I shall concern myself primarily with the
results obtained and suggested mechanisms, and, whenever
possible, discuss together those investigations reporting
comparable observations with the use of similar methods.
To begin, it can be mentioned that several of the studies
just referred to in respect to pituitary extracts and gastric
motility, were also applied to the musculature of the intestines
with identical results. Thus, Quigley and Barnes (19!P)» Cushing
(1932), Berg (1942), and Metz and Lackey (1943), each obtained
a depression of intestinal activity following the administration
of posterior lobe extracts. Of the two described as reporting
diphasic responses in the stomach, Pancoast and Hopkins (1917)
roentgenographically noted that the small and large intestines
were relatively unaffected by pituitrin; while Dickson and
Wilson (1928) obtained a more marked diphasic response in the
large intestine than observed in the stomach after injection
of this extract.
Also, as before, Morrison and Feldman (1940) were unable
to observe any intestinal changes by the x-ray method, neither
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after hypophysectomy nor after anterior lobe extract administra-
tion in both normal and hypophysectomized dogs. The only other
specific mention of anterior pituitary preparations was made
by Young (1915) who studied the effect of the addition of this
extract on specimens of small intestine isolated in a bath of
Ringer's solution. He could demonstrate no characteristic
effect, and infrequent rises in tonus were attributed to
contamination of their preparation with posterior lobe matter.
A watery extract of the latter was found to nearly always
produce a rise in tone in the isolated cat's ileum, but this
result was never obtained with rabbit's segments. He stressed
the uncertainty of the effect of this extract and felt that
its varying action may have been due in part, to the condition
of the tone of the intestine before the pituitary substance
was added
.
A few reports concerned themselves with comparing the
respective actions of extracts from different parts of the
pituitary body. Garry (1927) noted the effect of different dos-
ages of extracts of pars neuralis and pars intermedia on the per
istalsis in the excised guinea pig intestine. He observed that
concentrations of 1:100,000 produced a variable stimulation;
while greater concentrations often caused depression. Further-
more, the interraedial preparatioh gave a relatively weaker
effect than that of the neural portion extract. Degener (1922)
compared the response of excised rat intestine to extracts pre-
pared from the pars neuralis and "glandular portion." Addition
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of the former to the bath, was found to give relaxation; while
the effect of the latter was the opposite, contraction of the
rat intestine.
Several other authors have described the effect of pituit-
ary extracts on isolated intestinal preparations to be dominant
ly inhibitory, although often with some variations. Bayer and
Peter (1911) observed that commercial pituitrin and fresh
pituitary extract, when added to a bath containing an excised
intestinal loop of a rabbit, both caused an inhibition of the
muscle tone and the movements of the loop. In a few instances
a secondary increase in activity was recorded. They concluded
that the inhibitory mechanism involved was a stimulation of
the endings of the sympathetic nervous system, and the instance*:
of acceleration, stimulation of the nerve fibers of Auerbach's
plexus. Comparable observations were made by Shamoff (1916),
noting that freshly prepared posterior lobe extracts contained
some substance which had lowered the tone and rhythmic contrac-
tions of an isolated intestinal loop. A sympathetic site of
action was implied in their conclusions as they related this
pituitary action to that of adrenaline.
Roth (1917) reported that certain commercial pituitary
preparations invariably depressed the motility of the isolated
intestine of the rabbit when used in high concentrations.
However, none of these extracts were known to contain chlorbut-
anol as a preservative, and since a similar amount of this
substance alone also resulted in decreased tone and contraction ;
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he concluded that the motor depression of the isolated intestine
after the pituitary extracts was partly due to the depressing
effect of the preservative.
Likewise using isolated intestinal preparations in their
studies, other investigators reported contractions and augmented
tone after adding pituitary gland substances to the baths.
Guggenheim (1912) added the commercial preparation "pituglandol"
and obtained contraction of the isolated guinea pig's intestine
Gruber (1926) was of the opinion that the pH of the bath follow-
ing the addition of the extract had an important role in the
response obtained. Pure pituitary substances resulted in an
increased tone of duodenal and ileal segments; while commercial
extracts containing acidic chlorbutanol produced a marked
relaxation with only an occasional rise in muscle tone. How-
ever, when he raised the pH of the latter with NaOH, it caused
only an augmented tone with no relaxation, and he therefore
concluded that the characteristic response of isolated strips
of intestine to pituitary extract was augmented tonus. This
was supported by Alvarez (1918) who observed that the addition
of pituitrin to a bath containing isolated rabbit's intestine
occasionally raised the contraction rate of the excised
musculature
.
Still another group of early investigators turned to
studies of intestines in vivo to determine the action of pitui-
tary products. After the intravenous injection of Infundibular
extract into pithed rabbits, Bell (1909) noted that violent
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1peristaltic movements were generally set upl Experiments with
an isolated gut often revealed powerful contractions, although
these were frequently followed by an inhibitory response. He
felt little doubt but that the chief mechanism involved was
peripheral and not through the "pressor centers" of the brain.
Dale (1909) observed that intravenous injection of a 5 per-
cent decoction of fresh posterior lobes of ox pituitaries caused
a marked depression of intestinal movements in a dog anaesthetized
with A.C.E. Mixture. However, an isolated intestinal loop was
noted to feebly contract on addition of this preparation to the
bath. He felt it probable that the inhibition obtained in the
living dog was due to an anemia caused by extract-induced vaso-
constriction, and that the characteristic effect of posterior
pituitary extracts was stimulation of smooth muscle. In 1912,
Dale and Laidlaw again were unable to record any increase in
intestinal motility in dogs, but they also attributed this to
local anemia.
Dale's supposition of a stimulatory action by pituitary
extracts on smooth muscle was substantiated by Ott and Scott
(1911), Katsch (1913) and Zondek (1920). Ott and Scott
registered the peristaltic movement of the duodenum in an
etherized rabbit by inserting a balloon attached to a recording
tambour, into the lumen of the intestine not far from the
stomach. They observed that interjugular injection of ten to
eighteen drops of "infundibulum" increased the extent of
contractions of Ibhe intestine. Katsch made permanent windows
. vo
a
, 1
1
•
'
• . .
•
. —
<*>
.
-
? - u. " ‘i ‘
,
t : *; n
,
.
j* a
. )
"
i a
- "
1
'
I
’ r . . : i 'i I
^ . .
(•
.
’ fi
;
120
In the abdominal wall of rabbits and in this manner observed
that, in most cases, the commercial extracts infundin and pitui-
trin increased the rates of rhythmic contraction and the muscle
tone of the small intestine, caecum and colon. Zondek obtained
colonic contractions after pituitrin, although, in a few cases
these were preceded by an inhibition.
Some work on human beings has also led to intestinal stim-
ulation, following pituitary extracts. Kummel (1925) noted
on patients whose abdomens had been opened, that administration
of these substances caused marked intestinal contractions with
a subsequent appearance of active peristalsis. The observations
of Carlson (1930) corroborated this as it was noted that intra-
venous injection of commercial pituitrin had a definite stimu-
latory effect upon the haman small intestine and colon.
Contrary to this evidence, Ochsner, Gage and Cutting (1930)
found that pituitary extracts were not effective in stimulating
the intestinal musculature in cases of atony. In fact, they
considered such a form of therapy to be quite dangerous.
This negative point of view was also expressed by White,
Rainey, Monaghen and Harris (1934) who subcutaneously admin-
istered 1 cc. of "surgical M pituitrin to four human subjects,
followed by massage of the injected area. In three of these,
they noted a marked inhibition in ileal tone and almost complete
cessation of rhythmic contractions and peristalsis. The fourth
was similar except for an increase in the force and frequency of
peristalsis. All cases showed some acceleration of colonic
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contractions, however, and furthermore, the distal portion of
the colon appeared more sensitive than the proximal region.
The pituitrin injection also usually increased the rhythmic
activity of the ileocaecal sphincter.
Variations were also noticed in the response of different
parts of the intestinal musculature of anaesthetized rabbits
by Dickson (1923). He reported that after the Intravenous
injection of pituitrin there was increased tone in the small
Intestine, but a diminished muscle tone in the large gut in
every case. Peristalsis was not affected in either region.
Finally, before turning to more recent investigations,
there are those authors who recorded a diminution of intestinal
activity in vivo after doses of pituitary extracts. Hoskins
(1916)studied the effect of commercial pituitrin on anaesthet-
ized dogs, and in five out of six cases, obtained a clear cut
depression of intestinal tonus and peristalsis. In three cases,
saline extracts of old preparations from dried pituitaries
produced similar results. He was supported by G-insburg and
Tumpowsky (1918) who found that immediately after the injection
of either of two commercial substances, pituitrin or pituitary
liquid, into twelve dogs, the gas tro-intes tinal musculature was
immediately inhibited.
McIntosh and Owings (1928) found that the action of pitui-
tary fluid, pituitrin, vasopressin and oxytocin on the move-
ments of the dog's small intestine during simple mechanical
obstruction, was always one of depression and slight relaxation.
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These results were also repeated using isolated portions of
Intestine from either normal or obstructed guts. The following
year, Gruber and Robinson (1929) reported that vasopressin,
oxytocin and pituitrin, injected intravenously, intramuscularly
or subcutaneously in unanesthetized female doge, caused a
decreased tonus and force of rhytmic contraction in a Thiry-
Villa fistula of the ileum in all cases. They claimed these
results to be independent of the original tonus of the loop,
impurities in the extracts, and changes in the general arterial
blood pressure.
The study of Gaddum (1928) appears to have been one of the
first to note a difference in the intestinal actions of the
separated active principles of the posterior pituitary, vaso-
pressin and oxytocin. Both preparations were found to produce
an increase in the tone and peristalsis of loops of excised
rabbit's intestines, although equal doses of vasopressin were
more effective in this respect. They noted further that the
colon was more sensitive than the ileum, which was more sensitiv
in turn than the jejunum.
In one experiment on the intestinal movements in situ, he
reported that the intravenous Injection of two units of oxytocin
had no significant effect, but that a similar dosage of the
pressor fraction caused a definite increase in peristalsis.
This was carried further by Elmer, Ptaszek and Schaps (1930)
as they reported that vasopressin had a stimulatory effect on
the intestine and that it's effects were antagonized by oxytocin
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nHe also noted vasopressin to be more active in this respect than
pituitrin. Thus from these two reports it would appear that
vasopressin was responsible for the intestinal-activating
effect of pituitary preparations, when this response was observed.
This view was offered some support by Melville and Stehle
(1934b) who also observed, using both isolated segments and loops
in s itu , that the pressor substance of pituitary extract was
responsible for its Intestinal action on rabbits. However, as had
Gaddura, they remarked that different parts of the intestinal trac
varied in their sensitivity, and, in their case, segments from th
upper bowel were found to contract while the lower ones were
inhibited. This differential action was very similar to the
work of Larson and Bargen (1933) reporting that pituitary solutio
increased the activity of the middle portion but had little or no
action on more distal sections of a Thiry-Vella fistula of the
Large Intestine than in the lower portions; while Isaac and
Diegal (1929) noted that pressor substance had a more stimulating
action on segments of the large Intestine in situ than on
similar small intes tine ‘preparations
.
Not only was Larson in agreement as to the differential
responses of the musculature of the various regions, but he
also added weight to the view that the pressor fraction was
responsible for Intestinal stimulation. He carried this further
and found that pitocin, containing the oxytocic principle, was
responsible for depressing tone and motility; while equivalent
doses of pitressln increased these phenomena in varying degrees
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depending upon the location of the muscle segments.
With the addition of this work it appears logical to expand
the previous hypothesis and suggest that not only does the
pressor fraction control intestinal stimulation; but that also,
the oxytocic principle is fundamental in intestinal inhibition.
Looking back, such a theory could be used to explain some of the
results I have previously discussed. It would explain why Elmer
and his associates had obtained a stimulatory effect from vaso-
pressin but an antagonistic action with oxytocin. It would also
reveal why G-addum had obtained no effect with two units of
oxytocin and yet a definite increase in peristalsis with an
equivalentjdosage of vasopressin.
Additional support can also be given from the literature.
Melville and Stehle (1934a-) substantiated this view with their
observations in the small intestines. After ten units of presso
substance (postlobln-V ) , rontgen-ray photographs showed the
margins of the small Intestine to be crenated and thus evidence
of a constriction. An Indication of the effect that the method
of observation plays in such results is indicated by the fact
that with fisula and isolated loop techniques, augmented action
was not revealed. In the case the oxytocic principle (postlobin
0), an equal dosage produced inhibition or relaxation in all
cases as indicated by all three of these observational techniques
Furthermore, Melville (1936) concluded that the oxytocic fraction
exerted a definite antagonistic influence on the characteristic
stimulatory effect of the pressor substance on the large intes-
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tine and blood pressure in dogs
.
Steggerda, G-ianturco and Essex (1938) were concerned with
the effects of pitressin and pitocin on the colon of the cat.
They observed that 0.1 cc. of pitressin per kilogram of body
weight was ineffective, whereas 0.2 cc. produced marked colonic
contractions. This would indicate a threshold point for the
effectiveness of this substance. In view of the suggested
theory, their reports that equal doses of pitocin and pitultrin
elicited no response, was as to be expected.
Similarly, intravenous and subcutaneous injections of 0.1-0.
cc. of pitultrin and 0. 5-1.0 cc. of pitocin were found by Wolff
(1939) to produce moderate to complete inhibition of the colons
of dogs. However, 0.15-0. 3 cc. of pitressin produced more
varied results. In two instances stimulation was attained,
followed by prolonged inhibition; two showed an initial transien
depression, succeeded by an increase in tone and motility; two
more evidenced accelerated rhythmic contractions but a slight
decrease in tone, while six had only inhibition.
Reagen and Puestow (1939) also used the colons of dogs for
their studies, although by means of a different method. They
transplanted isolated segments to the abdominal wall where
they could be observed under all conditions over long periods
of time without interference from anesthetics, mechanical
5
irritation, etc. They observed that ten pressor units of
pitressin caused very little or no acceleration in movement.
On the other hand, intramuscular doses of twenty pressor units
4•’ • :
-L
’ "
•
.
'
‘
.
.
.
«
..
'
:
Ic 1 r O ; > •
. t
.
-
.
*
'* '
' '
. .
-
. - »
t '
*-•
•
' t - ; - 1
•
. t
. .ac j i 9
p :
.
' b • • *: • •
.
126
produced an increased movement and tone in all segments. With
injections of only four pressor units, Wang, Clark, Day, and
Ranson (1940) were able to note a similar augmentation of
intestinal motility in three out of five cats.
The fact that these two results, and those of Wolff, do
not entirely jibe with the pressor-oxytocin theory, does not
represent a repudiation, I feel, in the light of the many
factors previously listed which must be taken into consideration
One of the most recent articles on posterior pituitary-
intestine relations, that of Harris (1948), mentioned a possible
relationship between colonic activity and the neurohypophysis,
in rabbits. He discussed some of his unpublished observations
on this animal, in which he noted similar Increases in peristal-
tic waves after both stimulation of the infundibular stem and
intravenous injection of posterior extract. From these results
he suggested it to be possible that in the rabbit at least,
colonic activity may be excited humorally by the posterior pit-
uitary, which is in turn under the neural control of the hypothal-
amus. This is a different approach to the pituitary-intestinal
question and seems to merit further work on other animals.
In summary, it can be said that early reports on the
pharmacological effect of pituitary preparations were quite
varied due to differences in extracts, animal species, dosages,
techniques, etc. employed. However later experimentation points
to the fact that, in most cases, the pressor fraction of poster-
ior pituitary extracts results in a stimulation of intestinal
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activity; whereas, the oxytocic action Is one of depression.
Furthermore, studies made on rabbits, dogs, and man indicate a
greater sensitivity to these principles in the large intestine
than in the small gut, with also subsequent variations in the
reactions of different parts of these organs. Although one
author indicated that hypophysectomy caused no change in intest-
inal activity, there has been no further evidence that the
pituitary body does not play a part in normal intestinal motility
In fact, such a role has been suggested by Harris (194-8) as
being possible in the rabbit.
7 • Gall bladder motility.
There is little that can be conclusively stated in regards
to the effect of pituitary substances on the musculature of the
gall bladder in the light of existing evidence.
As observed in the intestines, it is quite possible that
the pressor and oxytocic fractions of posterior lobe preparations
induce stimulatory and inhibitory responses respectively in the
gall bladder. That this may be true, was indicated in the repor
by Voegtlln and Ivy (1934-), that intravenous doses of 1 cc. of
pltressin in dogs, caused an initial relaxation, but that after
a period of one to two hours, gall bladder contractions of
considerable amplitude were obtained. He was unable to explain
the long period of delay before this stimulatory response was
effected. Other tests with subcutaneous doses of 2-4 cc. of
this substance produced variable results. Intravenous adminis-
tration of 1 cc. of oxytocin elicited contraction in three dogs,
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relaxation irjtwo and no effects in another pair. It would seem
that the threshold and absorption factors, already discussed,
might have been concerned in these results.
A similarity can be seen between these results and those
of Kalk (1929), and Houssay (1932). The former studied the
effect of intravenous pituitrin on the gall bladder in situ
of a decerebrate cat. He noted a primary relaxation succeeded
by a secondary rise in tone after five to fifteen minutes.
Houssay reported contraction of the dog's gall bladder following
administration of the same extract. Also using pituitrin, Erbsen
(1928) found that this hypophyseal hormone induced contractions
of the full gall bladder, but caused a tonus depression in the
empty gall bladder. He thus intimated the diphasic action of
this extract, although no mention was made of its pressor and
oxytocic fractions.
The work of Halpert and Lewis (1930) is the only reference
I have come across involving an Isolated gall bladder preparation
for such studies. They removed the whole gall bladders from
etherized dogs and mounted them in baths warmed, oxygenated
Locke's solution. Doses of 1 cc. of pituitary extract added
to these baths, had no significant effect on either the tone
or rhythmic contractions of this musculature.
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VII . THE RELATION OF SEX HORMONES TO ALIMENTARY
MOTILITY AND SECRETION
1. Salivary secretion.
Relatively recent investigations indicate a possible
relationship between the male sex hormones and the salivary
glands
.
In 1941, Lacassagne and Causse reported that when the
tympanic nerves of male mice were sectioned, a temporary
atrophy of submaxlllary tubules appeared but was soon overcome.
On the other hand, in female animals a progressive regression was
the case. Thus, he concluded that the function of the glandular
portions of the submaxillary were principally conditioned by
androgenic hormones.
Using the rat as an experimental anima.l
,
Bulliard and
Delsuc (1941) obtained data to substantiate the preceding
investigators. They found that both after the injection of
male hormone and after castration, the sublingual and parotid
glands showed marked differences in the diameter and nuclei of
their acini and an abundance of saliva.
Coelho (1946) noted that after the subcutaneous injection
of 0.25 mg. of testosterone propionate, the tubular portion of
the submaxillary glands of young rats assumed the characteristics
of those of the adult animals. The following year, Raynaud
(1947) revealed that, while castration in male mice produced
atrophy of submaxillary tubules, castration and adrenalectomy
produced a more aggravated condition.
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In attempting to draw a conclusion from these reports, it
seems apparent that the androgenic hormones, of mice and rats
at least, are vital in the proper development of salivary gland
tubules. However, they are probably not alone in this respect
and a proper interglandular balance is undoubtedly required.
There is no evidence at hand that the sex hormones play a role
in the
,
physiological process of salivary secretion.
2 . Gas t ric se creti on..
Several authors have reported that the free and total
acidities of the gastric juice were considerably lower in
pregnant than in non-pregnant individuals.
As early as 1905, Kehrer had made an examination of the
stomach contents of pregnant women and noted a decrease in the
amount of gastric hydrochloric acid. Since his work preceded
the introduction of the Rehfuss tube and the method of fraction-
al analysis, it might be considered as being inconclusive.
However, Nakai (1925) fully substantiated Kehrer's find-
ings as he reported similar data. He studied the gastric juice
in six cases of early pregnancy and in eight instances during
late pregnancy. The free and total acidity of the stomach
secretions of pregnant persons was lower than in non-gravid
women, and in addition, this diminution was found to be more
marked during the first five months of pregnancy. He suggested
that possibly the insertion of the Rehfuss stomach tube may have
influenced psychic factors of secretion in pregnant women much
more than in normal Individuals
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A further study of the gastric juice during pregnancy was
undertaken by Arzt (19?6), also with identical results as the
131
above workers. He too noticed that the secretory deficiency
was more marked in early pregnancy when nausea and vomiting
were most common. Furthermore, he found that oral administra-
tion of dilute hydrochloric acid prevented this early nausea
and vomiting ih many instances. Strauss and Castle (1932) and
Rodway and Schelley (1935) also observed the same acid dimin-
ution in pregnancy, as had all the earlier workers.
Three references to gastric secretion in dogs during
conditions of active sexual phenomena were mentioned in commun-
ications discussing the report of Winkelsteln (1936). Dr. B. P.
Babkin revealed that experimentation in his laboratory definitely
indicated that during oestrus in gastric pouch dogs the daily
volume of the stomach secretion had been almost doubled. Dr.
A. C. Ivy also noted an augmented secretory response to a
meal during oestrus.
Dr. F. Hollander reported observations from a Pavlov-pouch
dog at various intervals preceding and following pregnancy.
During the four weeks preceding parturition the average secretory
output was about 10-15 cc. On the day the litter was dropped
the pouch contained a very large amount of highly acid secretion
During the three to four weeks of lactation the average rate of
acid secretion was approximately 150 cc. daily. This augmented
flow of gastric juice continued until the period of weaning, at
which tihme a decreased secretion was noted. By six weeks after
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parturition the rate of secretion had fallen to about thirty cc.
per day, and dropped continuously thereafter.
This data would seem to indicate a complex interrelation-
ship between the glands producing sex hormone and the glands
of external secretion as the stomach. The experimental
literature involving administration of "Antui trin-S " , an
anterior pituitary-like hormone believed to be produced in
large amounts by the chorion of the developing embryo, and
"Theelin", the ovarian follicular hormone, do not add to a
knowledge of possible sex glands-stomach relationships.
Winkelstein (1936) observed no constant changes in the
gastric secretion of dogs, following Theelin dosages. Follow-
ing this study up on human subjects, Schiff, Felson, Graff and
Meyer (1938) intramuscularly injected this estrogenic hormone
in large and small doses to different groups of men and women
over periods ranging from 15-167 days. Over a total observation
period of two to thirteen months, they recorded no effect on
gastric acidity after hormone treatment.
Sandweiss, Saltzstein and Farbman (1939) injected 1-5 cc.
of Antuitrin-S, prepared from the urine of pregnant women,
daily into dogs. No alteration of the degree of acidity or
rate of secretion was effected in these experiments. Daily
doses of 2-5 cc. of this preparation over a period of ten
successive days, usually had no effect on the acid secretion of
fifteen human subjects. Thus, administration of either Theelin
or Antuitrin-S has been found to produce no apparent alteration
.4
‘
-
.
-
'
.
.
>
'
.
(
133
of the secretory mechanism of the stomach.
Only one report makes mention of the effects of a lack of
sex hormones on gastric phenomena. Gaslunas (1926) observed
on Pavlov-pouch dogs that castration of either males or
females resulted in an irregular flow of gastric juice. Certain
dogs exhibited an increase, others a decrease. He attributed
the castration effects on stomach secretion as due to the
influence of the sex hormones on the irritability of the
gastric nervous mechanism.
In summary, the following inferences are obtained after a
survey of the literature related to this field: (1) A decrease
in free and total acid values occurs during human pregnancy.
(2) The gastric secretion of dogs is greatly augmented during
oestrus. (3) Administration of "Theelin or "Antuitr in-S" to
normal persons or dogs elicits no changes in the volume and
acidity of gastric secretion. (4) Since castration has been
shown to either stimulate or depress gastric secretion, little
can be said at present regarding a possible role of the sex
hormones In normal stomach activity.
3 . Pancreatic secretion.
No studies have come to my attention regarding the sex
hormones and external pancreatic secretion.
4. Bile secretion from hepatic cells.
As was the case with several previous sections on bile
secretion, the only literature at all concerned with the effect
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of the sex glands in this respect is that of Downs (1920) and
Downs and Eddy (1919).
They reported that "ovarian substance" injected intra-
venously into five anesthetized dogs, in all cases resulted
in a decrease in hepatic bile secretion, averaging 44.59 per
cent in the first twenty minutes and 59.36 per cent in the
second twenty minutes.
Seven similar experiments were attempted using "orchic
substance". Here again they obtained a decreased biliary
flow in five out of seven dogs, and in four of these animals
exhibiting depressed secretion, the effect was progressive
and a further inhibition resulted in the second twenty-minute
interval. One peculiar response was reported with these orchic
tests; namely, that in the first fifteen minutes a decline was
noted, followed by a rise during the next quarter-hour period,
and finally a second more marked decline commencing about
thirty minutes after the gland substance had been injected.
The uncertainty of their glandular preparations does not
justify the formation of conclusions in regard to their results*
5 . Gastric motility.
To the best of my knowledge there have been no extensive
reports of mammalian stomach movements as affected by sex
glands or hormones.
The research of Ikegami (1938) involved this question in
male domestic fowl or cocks. He studied stomach motility by
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the balloon method in cases of extirpation of the testes and
injection of male sex hormone. In mature cocks, bilateral
ablation of the testis decreased the number and amplitude of
recorded stomach movements. These results were not obtained in
young fowl with immature testes.
Injections of 6-9 crest units of the male hormone "Enarmon 1
daily for seven to ten days had no effect on the gastric motil-
ity of normal mature or immature fowl. In castrated mature cocks,
the diminished stomach movement was augmented by the repeated
injection of 3-6 crest units of the hormone daily for two
weeks. This stimulatory response was maintained only as long
as dosage was continued.
From these results, Ikegami concluded that gastric
movement in the fowl at least, was closely connected with
the function of the testes, that the interruption of testes,
hormone had diminished stomach activity, and that the injection
of male hormone had restored the normal relationship.
The stimulating response of gastric musculature to this
hormone would seem to be supported by the work of Jeney (1927)
on the isolated frog's stomach. He reported that stomach
movements were augmented by preparations from the testicle.
It would be very interesting to repeat these experiments
on higher animals to see if comparable results could be
achieved
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6 • Inte s tinal mot ility
.
Referring again to the experimentation of Ott and Scott
(1911), these workers reported that i-1 grain of "ovary extract
had no effect as a rule upon intestinal movements, although
occasionally 1-2 grains tended to augment peristaltic activity.
A more detailed study of the effect of sex hormones on
intestinal action was undertaken by Tsutsulopulos (1939)
using pieces of excised rabbit's gut. He observed that
"orasthin" elevated small and large intestinal tone and large
doses of "Estradiol" often caused rigid contractions of the
small intestine segments. The corpus luteum hormone progester-
one was found to antagonize the above effects. He concluded
that progesterone was evidently instrumental in the presence of
intestinal atonia during pregnancy.
Obviously, once again there is a necessity for elaboration
of the existing data in order to achieve clarification in this
field.
7 • Gall bladde r motility.
There is indication in the literature that an inhibition
of gall bladder motility occurs during pregnancy.
This question was investigated by Gerdes and Boyden (1938)
who found that of thirteen women in their last six months of
pregnancy, all but one showed a decreased rate of emptying of
the gall bladder. These same individuals, reexamined six to
eight weeks after parturition, indicated normal gall bladder
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activity in all cases. No explanation was offered for their
data
.
Working with the guinea pig, striped gopher, and dog,
Mann and Higgins (1927) noted in most Instances that the gall
bladder of pregnant animals usually does not empty following a
meal of egg yolk and cream, a phenomenon not seen in normal
animals
.
Smith, Pomaranc and Ivy (1941) carried this work further
in an attempt to determine the influence of pregnancy and sex
hormones on the gall bladder motility in the guinea pig, in
vivo
.
and in vitro . They corroborated the data of Mann and
Higgins as the viscus of pregnant animals emptied more slowly
during feeding experiments. Furthermore, intravenous injection
of 0.5 mgm. of cholecys tokinin
,
was known to elicit prompt
and efficient emptying of normal guinea pig gall bladders,
but an equal dosage in pregnant animals evoked a delayed and
less effective emptying.
In vitro experiments were also in accord with the above
data. They studied the response of non-pregnant, pregnant,
castrate, estradiol-injected and progesterone-injected
animals gall bladders to the standard dose of cholecys tokinin
.
All preparations indicated inhibited response when compared
with the normal gall bladder.
From these reports it is justifiable to conclude that as
was gastric acidity, gall bladder motility is depressed during
pregnancy. As yet no mechanism is known to explain this
phenomenon.
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VII . SUMMARY
There is no evidence that any of the endocrine glands or
their hormones play a role in normal alimentary motility and
secretion
.
1 • Salivary secretion*
An augmented flow of saliva has been reported following
thyroparathyroidectomy • No salivary studies have been made
after ablation of elthef^these endocrines by themselves or
after the administration of their extraction.
Only one report is available concerning the action of
Insulin in this respect and, while augmentation was noted
varying with dosage, little was offered in the way of explana-
tion for this effect.
The literature reveals that adrenaline usually has a
stimulatory effect on salivary secretion, at least in cats,
and that this action probably involves the sympathetic
salivary nerves .
Intravenous doses of pituitrin inhibited salivary flow;
whereas intraventricular administration produced an augmented
salivary response. There is no indication as to why this sub-
stance acts differently under these two conditions.
Recent data have revealed that the androgenic hormones, of
mice and rats at least, may play a vital part in the proper
development of salivary gland tubules.
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2. Gastric secretion.
I
ft
Thyroid administration per os has usually been found to
depress gastric secretion* while intravenous injections elicited
opposite effects. Disagreement is present in the clinical
reports of stomach secretion during thyroid disorders. Altera-
tions in the gastric secretory mechanism during hyper- and
hypothyroidism, whether clinically or experimentally produced,
are probably due to autonomic stimulation, as well as other
physiological changes in the body.
The available data concerning the effect of experimental
hyper- and hypoparathyroidism on gastric secretion are contra-
dictory. Alterations in the blood calcium level are important
in the secretory changes during parathyroid disbalance. Other
factors may also be involved as a failure of transmission of
vagal impulses through ganglionic synapses . One of the reasons
for conflicting reports in the literature seems to be a differ-
ence in the condition of the nerve fibers in the stomach prepar-^
ations studied; innervated pouches respond to hypercalcemia
with hyposecretion
,
denervated ones with hypersecretion. The
fact that the secretion of innervated pouches has been reported
decreased in conditions of hypoparathyroidism may be due to a
lack of excretion of calcium from the body.
Insulin has been found to be a powerful secretagogue for
the stomach. Its action is probably due to the hypoglycemic
condition which it produces. Its ultimate effect is due to
stimulation of the parasympathetic nervous system through the
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vagi and their centers in the brain.
Subcutaneous and oral administration of adrenaline has
been found either to depress or to have no effect on gastric
secretion. Intravenous doses either stimulated, diminished or
had no effect on the secretion of gastric juice. Application ol
adrenaline to the mucosa of an intestinal loop accelerated the
secretory mechanism of the stomach.
Administration of pituitrin in normal human and animal
subjects caused an inhibition of gastric secretion in most
reports
.
Observations reveal a diminished acid secretion during
human pregnancy. The gastric secretion of dogs was greatly
augmented during oestrus. Administration of Theelin or Antui t.riti-
S to normal persons and dogs elicited no changes in the volume
and acidity of stomach secretion.
3 . Pancreatic secretion.
Thyroparathyroidectomy caused no alteration in the exter-
nal pancreatic secretion of dogs in one report. Another
research revealed a marked fall in the flow of pancreatic juice
during parathyroid tetany.
Insulin has been reported by various authors to either
augment or depress pancreatic secretion.
Small and large doses of adrenaline caused an inhibition
of external pancreatic flow. The mechanism of this action
probably Involved one, or a combination, of the following: a
specific inhibition of pancreatic cells; changes in the general
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systemic blood pressure and subsequent anemia, of the pancreas;
or a local pancreatic vasoconstriction and an ensuing reduction
in the amount of blood passing through the gland.
One early report revealed a decreased pancreatic secretion
after -intravenous injection of a fresh pituitary extract
prepared from the neural lobe.
4. Bile secretion
.
Thyroid substance had an inconsistent effect on bile
secretion in one report.
In parathyroid tetany, one worker reported a diminished
flow of bile, although other liver functions were not affected.
No studies were revealed of bile secretion in response to
insulin, although an early report stated that '’pancreatic
substance" decreased this flow.
Scattered reports indicate both an increase and a decrease
of biliary flow after adrenaline injection. Cne investigation
obtained no change in this secretion following adrenalectomy.
A recent study found that injection of anterior pituitary
extract elevated the rate of bile secretion.
One study revealed that intravenous administration of
both "ovarian" and "orchic substance" diminished hepatic bile
secretion
.
5 . G-a s trie mot i 1 i ty_.
Conditions of hyperthyroidism have a stimulatory effect on
gastric musculature. Of the following suggested mechanisms
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for this action only vagal stimulation has been definitely
repudiated: toxemia, increased metabolic activity, disturbance
of digestive secretions, vagus stimulation, sympathetic
involvement, combination of vagal and sympathetic mediation,
release of substances from body cells, activation by vascular
elements, or complex interglandular relationships.
The literature on hypo- and hyperparathyroidism is
indicative of a diminished gastric activity in either case.
The level of blood calcium has an important role in this
diminution
.
Insulin elevates gastric tone and motility indirectly by
means of a hypoglycemic stimulation of the parasympathetic
nervous system.
Rather large doses of adrenaline inhibited gastric move-
ments, while small amounts tended to increase stomach motility
in certain cases.
Deviation of gastric motility after pituitary injections
was in the directiorjof depression.
Castration of male fowl decreased gastric motility, which
was restored by male hormone. Male hormone had no effect
on stomach movements of normal fowl.
6. Intestinal motility .
Hyperthyroidism was found to elicit augmented intestinal
movement. The mechanisms as suggested for gastric acceleration
probably also apply in this situation.
Data on parathyroid disturbances in relation to intestinal
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motility are inconclusive.
Insulin stimulates intestinal musculature, probably due
to the stimulation of vagal centers of the brain by hypogly-
cemia .
Adrenaline has been found to inhibit gut movements. This
is due either to direct action on intestinal muscle or to
primary central action on the mid-brain with an ensuing media-
tion of inhibitory sympathetic fibers.
The pressor fraction of posterior pituitary extract brough
about a stimulation of intestinal activity, while the oxytocic
principle caused depression. A greater sensitivity to pitui-
tary substances in the large than in the small intestine
was indicated.
Data on intestinal activity following sex hormone
administration are inconclusive.
7 • Gall bladde r motili ty.
Insulin has been found either to raise or to depress gall
bladder motility.
The deviation in the activity of the gall bladder in
response to adrenaline is one of diminution.
Reports of pituitary action on gall bladder motility are
inconclusive although, as in the intestine, the pressor and
oxytocic principles of posterior lobe extract probably stimu-
late and depress activity respectively.
Gall bladder motility has been found to be depressed
during pregnancy.
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The findings reviewed in this thesis are arranged in the
form of a table at the end of this summary* On the left are
listed the alimentary functions, each with three columns forft
increase, decrease and no effect; while the endocrines are
arranged at the top, each with two columns for increase and
decrease. Endocrine increase and decrease refer to experimental
administration of extracts and endocrine extirpation, respect-
ively; although, in the case of the thyroid gland, clinical
observations have been included.
Numerals refer to the number of investigations reporting
a definite response in the direction indicated on the chart.
Certain places where Inconclusive data have been presented are
denoted by a question mark (?). ‘"’ingle blank squares are
indicative of the fact that no conclusive results have been
reported in that direction; whereas, a group of six empty
blocks, involving all the possible alimentary relationships of
one endocrine, refers to an absence of study in that field to
the best of my knowledge.
This table serves to emphasize the conflicting nature of
the available literature pertaining to endocrine-alimentary
studies. Possible reasons for this are manifold and include
variations in: extracts, tissue preparations, observational
techniques, dosages, and methods of drug administration. A
more complete list may be found on pages 114-115 .
.t
: <
*1
,
'
'
1
t
.
-
,
•
.
.
. \
t
t
w
•
-
.1
-
.
t
It -
'
'
'
,
.
In spite of these obvious shortcomings, I feel that this
tabulation has a two-fold value. First, it strikingly points
out those areas in which work has been done and the extent of
the observations. Thus, it becomes apparent that the greater
part of the literature was concerned with gastric secretion
and gastro-intestinal motility; while, on the other hand,
relatively little attention has been paid to salivary, pancreat:.
and bile secretion, and gall bladder motility.
In the second place, it presents a clear picture of those
areas in which confusion or inadequacy is manifest and in
which further reaearch might prove valuable. £ or example,
authors seem agreed that thyroid extract and insulin each
have a stimulatory effect on gastro-intestinal motility;
however, a study of the literature relating the adrenal and
pituitary glands to these phenomena reveals great diversity
of opinion.
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The Relation of the Endocrine System to Alimentary
Motility and Secretion.
Thyroid
Para-
thyroid Insulin Adrenals . ?ltul tary
Sex
hormones
inc
.
dec . inc. dec. inc
.
dec. lnc. dec. inc. dec
.
inc. dec.
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1 4 1 1
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IX. ABSTRACT
There is no evidence that any of the endocrine glands
or their hormones play a role in normal alimentary motility
and secretion.
1 • The thyroid gland,.
Thyroidin has been found to increase the sensitivity of
the secretory nerves supplying the salivary glands. An aug-
mented flow of saliva has been reported following thyropara-
thyroidectomy
.
Thyroid administration per os has usually been found
to depress gastric secretion while intravenous injections
elicited opposite effects. Disagreement is present in the
clinical reports of stomach secretion during thyroid disorders.
Alterations in the gastric secretory mechanism during hyper-
and hypothyroidism, whether clinically or experimentally pro-
duced, are probably due to autonomic stimulation, as well as
other physiological changes in the body.
Thyroparathyroidectomy caused no alteration in the
external pancreatic secretion of dogs in one report.
Thyroid substance had an inconsistent effect on bile
secretion in one report.
Conditions of hyperthyroidism have a stimulatory effect
on gastric musculature. Of the following suggested mechanisms
for this action, only vagal stimulation has been definitely
repudiated: toxemia, increased metabolic activity, disturbance
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of digestive secretions, vagus stimulation, sympathetic involve
ment, combination of vagal and sympathetic mediation, release
of substances from body cells, activation by vascular elements,
or complex interglandular relationships.
Hyperthyroidism was found to elicit augmented intestinal
movement. The mechanisms as suggested for gastric accelera-
tion. probably also applv in this situation.
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2 . The parathyroid glands .
An augmented salivary flow has been reported following
thyroparathyroidectomy
•
The available data concerning the effect of experimental
hyper- and hypoparathyroidism on gastric secretion are
contradictory. Alterations in the blood calcium level are
important in the secretory changes during parathyroid dis-
balance. Other factors may also be involved as a failure of
transmission of vagal impulses through ganglionic synapses.
One of the reasons for conflicting reports in the literature,
seems to be a difference in the condition of the nerve fibers
in the stomach preparations studied; innervated pouches
respond to hypercalcemia with hyposecretlon
,
denervated ones
with hypersecretions. The fact that secretion of Innervated
pouches has been reported decreased in conditions of hypopara-
thyroidism may be due to a lack of exsretion of calcium from
the body.
Thyroparathyroidectomy caused no alteration in the
external pancreatic secretion of dogs in one report. Another
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research revealed a marked fall in the pancreatic juice during
parathyroid tetany.
In parathyroid tetany, one worker reported a diminished
flow of bile, although other liver functions were not affected.
The literature on hypo- and hyperparathyroidism is indica-
tive of a diminished gastric activity in either case. The
level of blood calcium has an important role in this diminu-
tion .
Data on parathyroid disturbances, in relation to intestin-
al motility are inconclusive.
3 . Insulin
.
Only one report is available concerning the action of
insulin on pancreatic secretion, and while augmentation was
noted varying with dosage, little evidence was offered for
this effect.
Insulin has been found to be a powerful secretagogue for
the stomach. Its action is probably due to the hypoglycemic
condition which it produces. Its ultimate effect is due to
stimulation of the parasympathetic nervous system, through the
vagi and their centers in the brain.
Insulin has been reported by various authors either to
augment or to depress external pancreatic secretion.
No studies were revealed of bile secretion in response to
insulin, although an early report stated that "pancreatic
substance" decreased this flow.
Insulin elevates gastric tone and motility indirectly by
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means of a hypoglycemic stimulation of the parasympathetic
nerve system.
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Insulin stimulates intestinal musculature, probably due to
the stimulation of vagal centers of the brain, by hypoglycemia.
Insulin has been found either to raise or to depress gall
bladder motility.
4 . The adrenal gland,.
The literature reveals that adrenalin usually has a
stimulatory effect on salivary secretion, at least in cats,
and that this action probably involves the sympathetic
salivary nerves.
Subcutaneous and oral administration of adrenalin has been
found either to depress, or to have no effect on gastric
secretion. Intravenous doses either stimulated, diminished, or
had no effect on the secretion of gastric juice. Application
of adrenalin to the mucosa of an intestinal loop, accelerated
the secretory mechanism of the stomach.
Small and large doses of adrenalin caused an inhibition
of external pancreatic flow. The mechanism of this action
probably involved one, or a combination, of the following:
a specific inhibition of pancreatic cells; changes in the
general systemic blood pressure, and subsequent anemia of the
pancreas; or a local pancreatic vasoconstriction, and an ensu-
ing reduction in the amount of blood passing through the gland.
Scattered reports indicate both an increase and decrease
of biliary flow after adrenaline injection.
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Rather large doses of adrenaline inhibited gastric move-
ments, while small amounts tended to increase stomach motility
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in certain cases.
Adrenaline has been found to inhibit gut movements. This
is due either to direct action on intestinal muscle or to
primary central action on the mid-brain, with an ensuing
mediation of inhibitory sympathetic fibers.
The deviation in the activity of the gall bladder in
response to adrenaline is one of diminution.
5 • The pituitary gland.
Intravenous doses of pituitrin inhibited salivary flow;
whereas intraventricular administration produced an augmented
response. There is no indication as to why this substance
acts differently under these two conditions.
Administration of pituitrin in normal human and animal
subjects caused an inhibition of gastric secretion in most
reports
.
One early report revealed a decreased pancreatic secretion
after intravenous injection of a fresh pituitary extract
prepared from the neural lobe.
A recent study found that injection of anterior pituitary
extract elevated the rate of bile secretion.
Deviation of gastric motility, after pituitary injections,
was in the direction of depression.
The pressor fraction of posterior pituitary extract brought
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about a stimulation of intestinal activity, while the oxytocic
principle caused depression. A greater sensitivity to pltuitar,
substance in the large than in the small intestine was Indicate
Reports of pituitary action on gall bladder motility are
inconclusive, although, as in the intestine, the pressor and
oxytocic principles of posterior lobe extract probably stim-
ulate and depress activity respectively.
6. The sex hormones .
Recent data have revealed that the androgenic hormones,
of mice and rats at least, may play a vital part in the proper
development of salivary gland tubules.
Observations reveal a diminished acid secretion during
human pregnancy. The gastric secretion of dogs was greatly
augmented during oestrus. Administration of Theelin or
Antuitrin-S to normal persons and dogs elicited no changes in
the volume and acidity of stomach secretion.
One study revealed that intravenous administration of
both "ovarian" and "orchic substance" diminished hepatic bile
secretion
.
Castration of male fowl decreased gastric motility, which
was restored by male hormone. Male hormone had no effect on
stomach movements of normal fowl.
Data on intestinal activity, following sex hormone adminis-
tration, are inconclusive.
G-all bladder motility was found to be depressed during
pregnancy
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